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CLIMATE HISTORY AND THE SCIENCE UN-
DERLYING FATE, TRANSPORT, AND HEALTH
EFFECTS OF MERCURY EMISSIONS

TUESDAY, JULY 29, 2003

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
Washington, DC.

The committee met, pursuant to notice, at 9 o’clock a.m. in room
406, Senate Dirksen Building, Hon. James M. Inhofe (chairman of
the committee) presiding.

Present: Senators Inhofe, Allard, Carper, Clinton, Cornyn, Jef-
fords, Thomas and Voinovich.

OPENING STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

Senator INHOFE. The meeting will come to order.

We have a policy that we announced when I became chairman
of the committee that we will start on time, whether anyone is here
or not here, members, witnesses or others. So I appreciate all of
you being punctual in spite of the fact that the Senators are not.

One of my primary objectives as chairman of the committee is to
improve the way in which science is used. I think that when I be-
came chairman of this committee, I announced three very out-
rageous things that we were going to do in this committee that
have not been done before. No. 1, we are going to try to base our
decisions, things that we do, on sound science. No. 2, we are going
to be looking at the costs of some of these regulations, some of
these policies that we have, and determine what they are going to
be. And No. 3, we are going to try to reprogram the attitudes of
the bureaucracy so that they are here not to rule, but to serve.

Good public policy decisions depend on what is real or probable,
not simply on what serves our respective political agendas. When
science is debated openly and honestly, public policy can be debated
on firmer grounds. Scientific inquiry cannot be censored. Scientific
debate must be open. It must be unbiased. It must stress facts
rather than political agendas.

Before us today, we have two researchers who have published
what I consider to be a credible, well-documented, and scientifically
defensible study examining the history of climate change. Further-
more, these are top fields of inquiry in the Nation’s energy environ-
ment debate and really the entire world’s energy environment de-
bate. We can all agree that the implications of this science are
global, not only in terms of the environmental impacts, but also en-
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ergy impacts, global trade impacts, and quite frankly, no less than
global governance impacts.

We could also all agree that as a result of the import and impact
of these issues, it is absolutely crucial that we get this science
right. False or incomplete or misconstrued data are simply not an
acceptable basis for policymaking decisions in which the Congress
of the United States is involved. Such data would violate the Data
Quality Act, which we passed on a bipartisan basis here in the
Senate and which we have bipartisanly embraced. If we need more
data to satisfy our standards, then so be it.

This Administration is prepared to do so in an aggressive strat-
egy that the climate change strategic plan outlines. The 1000-year
climate study that the Harvard-Smithsonian Center for Astro-
physics has compiled is a powerful new work of science. It has re-
ceived much attention, and rightfully so. I would add at this time,
it did not receive much attention from some of the liberal media
who just did not want to believe that any of the facts that were
disclosed were accurate.

I think the same can be said in terms of work that has recently
received attention of the hockey stick study. In many important
ways, the Harvard-Smithsonian Center’s work shifts the paradigm
away from the previous hockey stick study. The powerful new find-
ings of this most comprehensive study shiver the timbers of the
adrift Chicken Little crowd.

I look forward to determining whose data is most comprehensive,
uses the most proxies, maintains the regional effects, avoids losing
specificity through averaging statistics, considers more studies, and
most accurately reflects the realities of the Little Ice Age, reflects
the realities of the Medieval Warming Period, and more.

Mercury presents a different set of issues. That would be our sec-
ond panel. It is well-established that high levels of exposure to
methyl-mercury before birth can lead to neuro-development prob-
lems. But what about mercury consumed through fish, the most
common form of prenatal exposure? Mercury makes its way into
fish through various ways, but primarily though deposition from
air emissions, with 80 percent of emissions deposited either region-
ally or globally, not locally. Global mercury emissions are about
5,000 tons a year. About half of those are man-made emissions.

In the United States, a little more than 100 tons are emitted
from non-power plant sources. Industry is making great strides in
reducing these emissions. I would like to submit for the record this
EPA document available on their Web site which indicates that
when rules now on the books are fully implemented at non-power
plant, nationwide emissions will be cut by nearly 50 percent. Power
plants emit about 50 tons of mercury annually, about 1 percent of
the worldwide emissions.

In setting policy, key questions need to be answered, such as how
would controls change this deposition; what portion of mercury ex-
posure can not be controlled; and what are the health impacts of
prenatal exposure. We will hear testimony today that indicates any
changes to mercury exposure in fish would be minimal under even
the most stringent proposal to regulate mercury. Today, we will
also hear testimony that the most recent and comprehensive study
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to date found no evidence that prenatal mercury exposure from
ocean fish presents a neurological risk.

So we have diverse opinions that will be discussed today, and
that is the reason for this hearing, to wade through that so that
those on the panel that will be making policy decisions will under-
stand. I think it is no secret that we are not scientists up here, so
we look at things logically.

With that, I would recognize one of my colleagues here that I
have a great deal of respect for. Senator Voinovich and I started
out together as we were mayors of cities almost 25 years ago. I con-
sider him to be one of the real experts in the area of air. In fact,
I can remember calling him in as an expert when he was Governor
of Ohio and we were holding these hearings and I was chairman
at that time of the Clean Air Subcommittee. I would recognize Sen-
ator Voinovich for any comments he would like to make or opening
statements.

OPENING STATEMENT OF HON. GEORGE V. VOINOVICH,
U.S. SENATOR FROM THE STATE OF OHIO

Senator VOINOVICH. Thank you, Mr. Chairman.

I want to congratulate you for the very comprehensive floor
speech that you gave yesterday on the issue of climate change.

Senator INHOFE. I guess I should apologize. It was 12,000 words
and I know you were anxious to get some floor time, so I appreciate
your patience.

Senator VOINOVICH. Your words were much more scientifically
based than mine.

[Laughter.]

Senator VOINOVICH. The two issues that we are going to explore
at the hearing today, the science of mercury and the science of cli-
mate change, are both important and timely. I commend you for
holding this hearing.

I think I do not have to remind you that we have had hearings
on climate change now during the last 4 or 5 years. I think I had
a couple when I was chairman of even the Transportation Infra-
structure Committee. Senator Lieberman had hearings over in
Governmental Affairs when he was chairman of the committee a
year or so ago. So it is not a subject that is brand new to this com-
mittee.

I have stated time and time again here in the committee and on
the floor that we must recognize that energy policy and environ-
mental policy are two sides of the same coin, and the Senate has
responsibility to harmonize these policies. We have an obligation
here in the committee to ensure that legislation that we consider
will protect our environment. We also have an obligation to ensure
that any legislation we consider takes into account its potential im-
pact on our economy and we have a moral obligation to ensure that
we consider a bill’s particular impact on the poor and the elderly
who must survive on fixed incomes.

When the Senate takes up consideration of climate change and
multi-pollutant legislation, we must keep that moral obligation in
mind. We must ensure that we do not pass legislation that will sig-
nificantly drive up the cost of electricity and home heating for
those who can least afford them.
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Several members of this committee have introduced pieces of leg-
islation this year to reduce power plant emissions, including mer-
cury, and address the issue of carbon emissions and climate change
by capping carbon. Examples include Jeffords-Lieberman four-P
bill, the Carper four-P bill, and the McCain-Lieberman climate
change bill, which I understand will likely be offered as an amend-
ment to the energy bill, just this week we are going to be consid-
ering it.

These bills will establish a nationwide cap on carbon emissions
and their passage would force the utility sector, that is now using
coal to generate over half of our Nation’s electricity. To rely solely
on natural gas for generation, we will have fuel switching—capping
carbon equals fuel switching equals no-coal—to rely on natural gas
regeneration despite the fact we have over a 250-year supply of do-
mestic coal and are currently in the grips of a natural gas crisis
in this country.

This crisis is a result of environmental policies that have driven
up the use of natural gas in electricity generation significantly,
while domestic supplies of natural gas have fallen, partly because
we cannot do the exploration that we need to do for natural gas.

The result is predictable: tightening supplies of natural gas,
higher natural gas prices, and higher electricity prices. Home heat-
ing prices are up dramatically, forcing folks on low and fixed in-
comes to choose between heating their homes and paying for other
necessities such as food or medicine. The language that has been
offered by Senators Jeffords, McCain, Lieberman and Carper if en-
acted will force our utilities to fuel switch to natural gas; will sig-
nificantly raise energy prices; and will cause thousands of jobs to
be lost, particularly in manufacturing States like my State of Ohio,
which is already under duress in terms of manufacturing.

During the debate last year on the Jeffords-Lieberman four-P
bill, I put together a white paper that discussed the impact that
the bill would have if it were enacted. The numbers are staggering:
an overall reduction in GDP of $150 billion by 2020, the loss of over
900,000 jobs by 2020, and a decline in national household earnings
of $550 annually.

The cost of climate-change language such as the McCain-
Lieberman bill could come without any benefits to our air quality
or public health. Not even the most ardent supporter, and I hope
this comes up, of carbon regulation will claim that there are de-
monstrable health benefits from carbon regulation. Yet the Energy
Information Administration estimates that the passage of the
McCain-Lieberman bill, if enacted, will raise petroleum product
prices by 31 percent, raise natural gas prices by 79 percent, raise
electricity prices by 46 percent, and reduce GDP by up to $93 bil-
lion by 2025.

Carbon caps and unrealistic mercury caps means fuel switching,
again. The fuel switching means the end of manufacturing in my
State, enormous burdens on the least of our brethren. It means
moving jobs and production overseas, where there are less strin-
gent environmental programs. And will actually, if you really think
about it, increase global levels of pollution.

The question we face in this committee is whether we should do
something reasonable to improve our understanding of the issues
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surrounding carbon emissions and climate change, and attempt to
reduce atmospheric concentration of carbon and mercury emissions
without harming our economy, or rush into short-sighted policy
that will cap carbon and mercury at unreasonable levels, shut
down our economy, cut thousands of jobs, and move manufacturing
overseas.
In a recent column, former Secretary of Energy James Schles-
inger commented that:
“In climate change, we have only a limited grasp of the overall forces at work.
Uncertainties have continued to abound and must be reduced. In any approach
to policy formation, this is very important, under conditions of such uncertainty

should be taken only on an exploratory or a sequential basis. A premature com-
mitment to a fixed policy could only proceed with fear and trembling.”

I would like to have that column inserted in the record, Mr.
Chairman.

Senator INHOFE. Without objection, so ordered.

Senator VOINOVICH. As I mentioned previously once or twice, I
am working with Chairman Inhofe and the Administration on mov-
ing Clear Skies forward, which I intend to mark up in my sub-
committee this fall. I am currently working with business and envi-
ronmental groups to find a bipartisan compromise on dealing with
carbon and global warming, with an emphasis on sound science,
carbon sequestration, development of clean coal technologies, and
a Iiesponsible approach that focuses more on consensus rather than
politics.

We need more Senators to focus on moving forward in a respon-
sible way and move away from harshly ideological positions that
advance nothing other than the agenda of some environmental
groups that have made carbon cap a political litmus test.

I thank the chairman for holding this important hearing and I
look forward to hearing the testimony from our witnesses.

Senator INHOFE. That is an excellent opening statement, Senator
Voinovich. I go back to one of your first sentences when you talked
about the number of hearings we have had. We have to keep in
mind that each new hearing has new data. For example, the 1,000-
year Harvard-Smithsonian was not even out until March of this
year. So there are new things that are coming along and I see a
new trend-line which I discussed on the House of the Senate yes-
terday. So this will be a very valuable hearing.

Senator Cornyn, would you have any opening statement to
make?

Senator CORNYN. I would like to reserve any statement until
later, Mr. Chairman.

Senator INHOFE. Yes, that is fine. First, I would like to ask the
first panel to come up. Dr. Legates, Dr. Willie Soon and Dr. Mann,
would you three come up? First of all, we are honored to have who
I consider three very excellent and professional scientific witnesses
here today. Normally, we restrict the opening statements to 5 min-
utes, but it would be fine if you want to go about 7 minutes be-
cause I know you have come a long way and what we are dealing
with here is probably one of the most significant things facing
America, facing our economy, facing our environment today.

So I would introduce all three. Dr. David Legates is the director
of the Center for Climatic Research at the University of Delaware.
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Dr. Willie Soon is the astrophysicist at Harvard-Smithsonian Cen-
ter for Astrophysics, and Dr. Michael Mann is assistant professor
at the University of Virginia Department of Environmental
Sciences. I will first ask Dr. Willie Soon to give his opening state-
ment.

STATEMENT OF WILLIE SOON, ASTROPHYSICIST, HARVARD-
SMITHSONIAN CENTER FOR ASTROPHYSICS

Dr. SOON. Mr. Chairman, distinguished Senators, my fellow pan-
elists, Dr. Mann and Dr. Legates, and members of the audience,
my name is Willie Soon. About a month or two ago, I became a
very proud and grateful U.S. citizen. I just cannot believe where I
am sitting today.

I am an astrophysicist with the Harvard-Smithsonian Center for
Astrophysics in Cambridge, Massachusetts. My training is in at-
mospherics and space physics. My research interests for the past
10 years include changes in the sun and their possible impact on
climate.

I am here today to testify that the climate of the 20th century
is neither unusual nor the most extreme. Around 1,000 years ago,
the temperature over many parts of the world was warm. A wide-
spread cooling then set in for several centuries, followed by a recov-
ery to 20th century warming.

My colleague and I collected the information on climate by proxy.
We studied environmental indicators of local climate change going
back some 1,000 years from many locations around the world.
Based on work of approximately 1,000 researchers and hundreds of
peer-reviewed papers, we conclude the following three points about
climate history of the last 1,000 years.

On a location-by-location basis, point No. 1, there was warming
from 800 to 1300 A.D., all about 1,000 years ago, over many parts
of the world. This period is called the Medieval Warm Period. Fol-
lowing the warming of 1,000 years ago was a general cooling from
about 1300 to 1900 A.D. This period is called the Little Ice Age.

Point No. 2, there is no convincing evidence from local proxy to
suggest that the 20th century had higher temperatures or more ex-
treme climate than the warm period 1,000 years ago.

Point No. 3, local and regional, rather than global average
changes are the most relevant and practical measure of climate
changes and its impact. Much of the climate proxy results using
our work are new. Most papers were published in the scientific lit-
erature in the recent 5 to 10 years. There are two points to note
about our methods. First, we keep the local or regional information
contained in each climate proxy. This is important for studying geo-
graphical patterns of climate, which does not change everywhere at
the same time.

Second, climate is more than just temperature, so we keep the
climate information like rainfall, expansion or contraction of for-
ests, all advances or retreats of glaciers, et cetera. Our approach
makes use of the richness of information in climate proxies, which
map out local environmental and climate properties, rather than
just temperature alone.

The entirety of climate proxies over the last 1,000 years shows
that over many areas of the world, there has been and continues
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to be large local climatic changes. Those changes provide important
changes for the computer simulations of climate. The full models
which explore the Earth region by region can be tested against the
natural patterns of change over the last 1,000 years that are de-
tailed by the climate proxies.

Having computer simulation, we produced past patterns of cli-
mate which has been influenced predominantly by natural factors
and is key to making an accurate forecast that includes all poten-
tial human-made warming and cooling effects.

In summary, based on expert conclusions from climate proxies in
several hundred peer-reviewed papers by over 1,000 researchers
from around the world, we find the following. No. 1, from one loca-
tion to another, large natural swings in climate have occurred over
the last 1,000 years. Those patterns have not always been syn-
chronous.

No. 2, there was widespread warmth about 1,000 years ago, fol-
lowed by widespread cooling ending by the beginning of the 20th
century.

No. 3, the local and regional climate proxies cannot confirm that
the 20th century is the warmest or most extreme over much of the
world, compared especially to the Medieval Warm Period approxi-
mately 1,000 years ago.

This is all for my oral remarks and I thank you for the oppor-
tunity to be here.

Senator INHOFE. Dr. Soon, we appreciate that excellent opening
statement. You did not even take all of your time. That is very un-
usual.

At this time, Dr. Mann if you don’t mind, I would like to inter-
rupt your testimony. We have been joined by the Ranking Minority
Member, Senator Jeffords. Senator Jeffords, do you have an open-
ing statement you would like to make at this time?

Senator JEFFORDS. I would ask unanimous consent that it be
made as part of the record and would prefer listening to the wit-
nesses.

[The prepared statement of Senator Jeffords follows:]

STATEMENT OF HON. JAMES JEFFORDS, U.S. SENATOR FROM THE STATE OF VERMONT

We're here today to discuss two very important topics—climate change and mer-
cury pollution. As most of you know, I am the author of ambitious legislation—the
Clean Power Act of 2003—which addresses these environmental problems, as well
as ozone, acid rain, and human health damage from fine particulate matter.

Unfortunately, we aren’t here today to talk about moving forward to find innova-
tive solutions to these real world problems. Instead, today’s hearing will largely be
a mirror or the reverse of the robust and growing consensus in the mainstream sci-
entific community on climate and mercury pollution.

The disappointing result will be more delay. Delay on the part of Congress, and
even worse, the ongoing backsliding on the part of the Administration, means that
we fail to act responsibly as a society to protect future generations. That means in-
creasingly greater risks of global warming and mercury poisoning.

There is no doubt that the scientific process must inform policymakers as new in-
formation comes in. Unfortunately, there is no new information to be found here
today that would dissuade us from acting quickly and responsibly to reduce green-
house gas and mercury emissions. In today’s discussion of a literature survey of cli-
mate research, the skeptics are trotting out an argument that is several years old
and already discarded by their peers.

It is abundantly clear that now is the time to act.
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e The National Academy of Sciences has said, “Despite the uncertainties, there
is general agreement that the observed warming is real and particularly strong
within the past 20 years.”

e NOAA currently says that,

“The climatic record over the last thousand years clearly shows that global
temperatures increased significantly in the 20th Century, and that this warm-
ing was likely to have been unprecedented in the last 1200 years.”

e EPA’s website says that, “There is new and stronger evidence that most of the
warming over the last 50 years is attributable to human activities.”

One would have to be madder than a March hare to fail to see the need to act.
Yet, the Administration’s new research plan falls squarely into hare territory—deny-
ing the reality staring them in the face.

I want to show you the latest odds on warming. MIT says that there is a one in
five chance that the temperature of the earth will warm by approximately 4 or 5
degrees over the course of this century, assuming there is no action to reduce emis-
sions.

As my dear departed friend, Senator John Chafee, said in 1989:

“It is clear that we are facing a serious threat. The scientists are telling us
that if we continue to stroll along as if everything is fine, we will transform
Earth into a planet that will not be able to support life as we now know it.”

While mercury contamination does not have the same dramatic effect on earth’s
systems, it is still a dangerous global and local pollutant because it is bio-accumula-
tive and toxic to human health.

Long ago, Congress decided that toxic air emissions should be reduced and took
very aggressive steps in 1990 to make that happen, especially if they fall into the
Great Lakes and other great waters like Lake Champlain. Unfortunately, the Agen-
cy has fallen significantly behind in complying with the Clean Air Act’s schedule.
A settlement agreement mandates controlling toxic air pollutants from utilities by
2008.

In 1998, related to the controversy around EPA’s late reports to Congress on util-
ity air toxics, Congress directed the National Academy of Sciences (NAS) to rec-
ommend an appropriate reference dose for mercury exposure. In 2000, the NAS re-
ported that EPA’s reference dose was scientifically sound and adequate to protect
most Americans. That NAS review considered all health effects studies, including
the Seychelles study that we’ll discuss today.

We know that mercury is a potent toxic. It affects the human brain, spinal cord,
kidneys, liver and the heart. It affects the ability to feel, see, taste and move. We
know that mercury can affect fetal development, preventing the brain and nervous
system from developing normally. Long term exposure to mercury can result in stu-
por, coma and personality changes.

“Mad as a Hatter” is the phrase that was used in the 1800’s to describe the em-
ployees of the felt hat industry whose constant exposure to mercury changed their
behavior. Fortunately, Americans exposure from commercial and recreational fish
consumption is substantially less than that, though dozens of health warnings are
posted nationwide.

But, it’s crazy for anyone to suggest that we should not reduce mercury emissions
significantly, since we know its health effects and we have the technologies to con-
trol it.

We should have a hearing on how to export those control technologies and Con-
gress should urge the Administration to negotiate binding global reductions in mer-
cury, as the Senate did last year in the Energy bill for greenhouse gas emissions.

At a minimum, we should pass four-pollutant legislation now that gets reductions
faster and deeper than required by the current Clean Air Act. I'm sad to say that
there have been no negotiations on that front since I initiated some in early 2002.
And the Administration has done nothing to reduce these emissions with its abun-
dant authority in the Act.

We can’t afford to leave these problems to future generations to solve. We can’t
let our children and grandchildren wake up to find that our delays have cost them
dearly in terms of health and the global and local environment. It’s time to act re-
sponsibly.

Finally, I ask that material from the journal EOS, the NOAA website, the Atlanta
Journal Constitution, the National Center for Atmospheric Research, and the Amer-
ican Geophysical Union be included in the hearing record.
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Senator JEFFORDS. I might point out, we have got to do some-
thing about this traffic out there.

[Laughter.]

Senator INHOFE. Well, the name of our subcommittee is Trans-
portation and Infrastructure, so maybe we can do something about
the traffic out there.

Senator JEFFORDS. I hope so.

Senator INHOFE. Dr. Mann, you are recognized.

STATEMENT OF MICHAEL E. MANN, ASSISTANT PROFESSOR,
UNIVERSITY OF VIRGINIA, DEPARTMENT OF ENVIRON-
MENTAL SCIENCES

Dr. MANN. Senators, my name is Michael Mann. I am a professor
in the Department of Environmental Sciences at the University of
Virginia. My research involves the study of climate variability and
its causes. I was a lead author of the IPCC Third Scientific Assess-
ment report. I am current organizing committee chair for the Na-
tional Academy of Sciences’ Frontiers of Science, and have served
as a committee member or adviser for other National Academy of
Sciences’ panels.

I have served as editor for the Journal of Climate of the Amer-
ican Meteorological Society for 3 years and I am a member of the
advisory panel for the NOAA Climate Change Data and Detection
Program. I am a member of numerous other international and U.S.
scientific working groups, panels and steering committees. I have
coauthored more than 60 peer-reviewed publications on diverse top-
ics within the fields of climatology and paleoclimatology.

Honors I have received include selection in 2002 as one of the 50
leading visionaries in science and technology by Scientific Amer-
ican magazine, and the outstanding scientific publication award of
NOAA for 2000.

In my testimony here today, I will explain, No. 1, how main-
stream climate researchers have come to the conclusion that late
20th century warmth is unprecedented in a very long-term context
and that this warmth is likely related to the activity of human
beings; and No. 2, why a pair of recent articles challenging these
conclusions by astronomer Willie Soon and his coauthors are fun-
damentally unsound.

It is the consensus of the climate research community that the
anomalous warmth of the late 20th century cannot be explained by
natural factors, but instead indicates significant anthropogenic,
that is human influences. This conclusion is embraced by the posi-
tion statement on climate change and greenhouse gases of the
American Geophysical Union, by the 2001 report of the IPCC, the
Intergovernmental Panel on Climate Change, and by a National
Academy of Sciences’ report that was solicited by the Bush Admin-
istration in 2001.

More than a dozen independent research groups have now recon-
structed the average temperature of the northern hemisphere in
past centuries, both by employing natural archives of past climate
information or proxy indicators such as tree rings, corals, ice cores,
lake sediments and historical documents, and through the use of
climate model simulations. If I can have the first exhibit here, as
shown in this exhibit, the various proxy reconstructions agree with
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each other, as well as with the model simulations, all of which are
shown, within the estimated uncertainties. That is the gray-shaded
region.

The proxy reconstructions, taking into account these uncertain-
ties, indicate that the warming of the northern hemisphere during
the late 20th century, that is the northern hemisphere, not the
globe, as I have sometimes heard my study incorrectly referred to,
the northern hemisphere during the late 20th century, that is the
end of the red curve, is unprecedented over at least the past mil-
lennium and it now appears based on peer-reviewed research, prob-
ably the past two millennia.

The model simulations demonstrate that it is not possible to ex-
plain the anomalous late-20th century warmth without the con-
tribution from anthropogenic influences. These are the consensus
conclusions of the legitimate community of climate and paleo-
climate researchers investigating such issues.

Astronomers Soon and Baliunas have attempted to challenge the
scientific consensus based on two recent papers, henceforth collec-
tively referred to as SB, that completely misrepresent the past
work of other legitimate climate researchers and are deeply flawed
for the following reasons. No. 1, SB make the fundamental error
of citing evidence of either wet or dry conditions as being in sup-
port of an exceptional Medieval Warm Period. Such an ill-defined
criterion could be used to define any period of climate as either
warm or cold. It is pure nonsense.

Experienced paleoclimate researchers know that they must first
establish the existence of a temperature signal in a proxy record
before using it to try to reconstruct past temperature patterns. If
I can have exhibit two, this exhibit shows a map of the locations
of a set of records over the globe that have been rigorously ana-
lyzed by my colleagues and I for their reliability as long-term tem-
perature indicators. I will refer back to that graphic shortly.

No. 2, it is essential to distinguish between regional temperature
changes and truly hemispheric or global changes. Average global or
hemispheric temperature variations tend to be far smaller in their
magnitude than those for particular regions. This is due to a tend-
ency for the cancellation of simultaneous warm and cold conditions
in different regions, something that anybody who follows the
weather is familiar with, in fact.

As shown by exhibit three, if I can have that up here as well
now, thank you, this exhibit plots the estimated temperature for
various locations shown in the previously displayed map. As you
can see, the specific periods of relative cold and warm, blue and
red, differ greatly from region to region. Climatologists, of course,
know this. What makes the late 20th century unique is the simul-
taneous warmth indicated by nearly all the long-term records. It is
this simultaneous warmth that leads to the anomalous late-20th
century warmth evident for northern hemisphere average tempera-
tures.

The approach taken by SB does not take into account whether
warming or cooling in different regions is actually coincident, de-
spite what they might try to tell you here today.

No. 3, as it is only the past few decades during which northern
hemisphere temperatures have exceeded the bounds of natural var-
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iability, any analysis such as SB that compares past temperatures
only to early or mid-20th century conditions; you repeatedly hear
Dr. Soon refer to the 20th century; climatologists do not consider
that a meaningful baseline because there has been a dramatic
warming during the 20th century and the early 20th century and
the late 20th century are almost as different as the late 20th cen-
tury and any other period during the past 1,000 years at least. So
a study that refers only to early or mid-20th century conditions or
generic 20th century conditions and does not specifically address
the late 20th century, cannot address the issue of whether or not
late-20th century warmth is anomalous in a long-term context.

To summarize, late-20th century warming is unprecedented in
modern climate history at hemispheric scales. A flawed recent
claim to the contrary by scientists lacking expertise in paleoclim-
atology is not taken seriously by the scientific community.

The anomalous recent warmth is almost certainly associated
with human activity and this is the robust consensus view of the
legitimate climate research community.

Thank you.

Senator INHOFE. Thank you, Dr. Mann.

Dr. Legates.

First, I would ask Senator Allard, did you want to make an open-
ing statement?

Senator ALLARD. Mr. Chairman, I do have an opening statement
and in deference to the panel and you I would just like to have it
put in the record. If you would do that, then I would be happy.

Senator INHOFE. Without objection.

[The prepared statement of Senator Allard follows:]

STATEMENT OF HON. WAYNE ALLARD, U.S. SENATOR FROM THE STATE OF COLORADO

Mr. Chairman, I want to thank you for holding this important hearing today.

As a veterinarian, I have some scientific training in my background. I strongly
believe that we should use scientific principals as a guidepost when formulating any
regulation. This scientific guidepost approach is particularly important when looking
at regulations with the implications and magnitude of regulations on climate change
and mercury control.

Climate change has been an ongoing discussion for many years. However, during
the 1970’s the concerns were exactly opposite of what they are now. Then we were
told that there was a threat of massive global cooling. Headlines screamed that we
were in danger of entering another ice age. Now we are told that massive warming
trends are going to cause overheating across the globe. We need answers, not rhet-

oric.

All of the witnesses here today have a great deal of experience. All of the wit-
nesses here have spent many years analyzing data related to the areas of their ex-
pertise. But, I am concerned that, at times, data may be reviewed selectively and
in isolation. I am also concerned that emphasis may fall on a limited number of
studies. In science we have all learned that the only way to solidly prove a theory
is by conducting tests, studies or experiments that repeatedly arrive at the same
result. We cannot simply ignore the studies that do not have the outcome we are
looking for. This applies whether we are looking at climate change, mercury or any
other issue.

I want to spend most of my time and attention today on potential mercury regula-
tions. While today’s hearing is intended to focus on science, I would also like to
touch on the impact that potential regulations will have on the economy of my state
and the west. As many of you know, western coal differs from other types of coal
in several ways. The higher chlorine content in western coal makes it more difficult
to remove mercury when burning it. And, while western coal does contain mercury,
when it is burned it gives off mercury in the elemental form. It is my understanding
that this is not the type of mercury that deposits in the ecosystem to potentially
be absorbed by the environment.
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The economies of Colorado, and the entire west, will be impacted by harsh regula-
tions placed on their coal. Economies undoubtedly will be damaged by the decrease
in use of coal mined in the West. In addition, while jobs are being lost due to the
subsequent inability to fully utilize western coal supplies, if power can no longer be
generated by using coal mined in the west, other less efficient coal types will have
to be transported across long distances. This additional expenditure will add to the
price of electricity generation, driving up electricity costs and further damaging an
economy that will already be struggling.

This is why it is so important to me that we be cautious when dealing with situa-
tions such as these and why we should place strong emphasis on the use of sound
science. Our regulations must be thoughtful reflections of what we know—they
should not be reflexive or reactive attempts to legislate a cure before we know what
the disease is.

Again, Mr. Chairman, thank you for holding this hearing. I look forward to hear-
ing the witness testimony and discussions to come.

Senator INHOFE. That being the case, let’s dispense with any fur-
ther opening statements.

Dr. Legates, thank you very much for being here. You are recog-
nized.

STATEMENT OF DAVID R. LEGATES, DIRECTOR, CENTER FOR
CLIMATIC RESEARCH, UNIVERSITY OF DELAWARE

Dr. LEGATES. Thank you. Mr. Chairman, Distinguished Senators,
Doctors Mann and Soon, and members of the audience, I would like
to thank the committee for inviting my commentary on this impor-
tant topic of climate history and its implications. My research in-
terests have focused on hydroclimatology. That is the study of
water in the atmosphere and on the land, and as well as on the
application of statistical methodology in climatological research.

I am familiar with the testimony presented here by Dr. Soon. My
contributions to Dr. Soon’s research stem from my grappling with
the striking disagreement between the longstanding historical
record and the time series recently presented by Dr. Mann and his
colleagues. It also stems from my own experiences in compiling and
merging global estimates of air temperature and precipitation from
a variety of disparate sources.

My Ph.D. dissertation resulted in the compilation of high-resolu-
tion climatologies of global air temperature and precipitation. From
that experience, I have become acutely aware of the issues associ-
ated with merging data from a variety of sources and containing
various biases and uncertainties. By its very nature, climatological
data exhibit a number of spatial and temporal biases that must be
taken into account. Instrumental records exist only for the last cen-
tury or so, and thus proxy records can only be used to glean infor-
mation about the climate for earlier time periods. But it must be
noted that proxy records are not observations and strong caveats
must be considered when they are used. It, too, must be noted that
observational data are not without bias either.

Much research has described both the written and oral histories
of the climate, as well as the proxy climate records. It is recognized
that such records are not without their biases. For example, trees
respond not to just air temperature fluctuations, but to the entire
hydrologic cycle, including water supply, precipitation, and de-
mand, which is only in part driven by air temperature.

Nevertheless, such accounts indicate that the climate of the last
millennium has been characterized by considerable variability and
that extended periods of cold and warmth existed. It has been gen-
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erally agreed that during the early periods of the last millennium,
air temperatures were warmer and that temperatures became cool-
er toward the middle of the millennium. This gave rise to the terms
the Medieval Warm Period and the Little Ice Age, respectively.
However, as these periods were not always consistently warm or
cold, nor were the extremes geographically commensurate in time,
such terms must be used with care.

In a change from its earlier reports, however, the Third Assess-
ment Report of the Intergovernmental Panel on Climate Change,
and now the U.S. National Assessment of Climate Change, both in-
dicate that hemispheric and global air temperatures followed a
curve developed by Dr. Mann and his colleagues in 1999. This
curve exhibits two notable features, and I will point back to Dr.
Mann’s exhibit one that he showed a moment ago. First is a rel-
atively flat and somewhat decreasing trend in air temperature that
extends from 1000 A.D. to about 1900 A.D. This feature is an
outlier that is in contravention to thousands of authors in the peer-
reviewed literature.

This is followed by an abrupt rise in the air temperature during
the 1900’s that culminates in 1998 with the highest temperature
on the graph. Virtually no uncertainty is assigned to the instru-
mental record of the last century. This conclusion reached by the
IPCC and the National Assessment is that the 1990’s was the
warmest decade, with 1998 being the warmest year of the last mil-
lennium.

Despite the large uncertainty, the surprising lack of significant
temperature variations in the record gives the impression that cli-
mate remained relatively unchanged throughout most of the last
millennium, at least until human influences began to cause an ab-
rupt increase in temperatures during the last century. Such char-
acterization is a scientific outlier. Interestingly, Mann et al replace
the proxy data for the 1900’s by the instrumental record and
present it with no uncertainty characterization. This, too, yields the
false impression that the instrumental record is consistent with the
proxy data and that it is error-free. It is neither.

The instrumental record contains numerous uncertainties, result-
ing from measurement errors, a lack of coverage over the world’s
oceans, and underrepresentation of mountainous and polar regions,
as well as undeveloped nations and the presence of urbanization ef-
fects resulting from the growth of cities. As I stated before, the
proxy records only in part reflect temperature. Therefore, a simul-
taneous presentation of the proxy and instrumental record is the
scientific equivalent to calling apples and oranges the same fruit.

Even if a modest uncertainty of plus or minus one-tenth of a de-
gree Celsius were imposed on the instrumental record, the claim of
the 1990’s being the warmest decade would immediately become
questionable, as the uncertainty window would overlap with the
uncertainty associated with earlier time periods. Note, too, that if
the satellite temperature record, where little warming has been ob-
served over the last 20 years, had been inserted instead of the in-
strumental record, it would be impossible to argue that the 1990’s
was the warmest decade. Such a cavalier treatment of scientific
data can create scientific outliers, such as the Mann et al curve.
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So we are left to question why the Mann et all curve seems to
be at variance with the previous historical characterization of cli-
matic variability. Investigating more than several hundred studies
that have developed proxy records, we came to the conclusion that
nearly all of these records show considerable fluctuations in air
temperature over the last millennium. Please note that we did not
reanalyze the proxy data. The original analysis from the various
experts was left intact, as it formed a voluminous refereed sci-
entific literature. Most records show the coldest period is commen-
surate with at least a portion of what is termed the Little Ice Age,
and the warmest conditions at concomitant with at least a portion
of what is termed the Medieval Warm Period.

Our conclusion is entirely consistent with conclusions reached by
Drs. Bradley and Jones and not all locations on the globe experi-
ence cold or warm conditions. Moreover, we chose not to append
the instrumental record, but to compare apples with apples and de-
termine if the proxy records themselves indeed confirm the claim
of the 1990’s being the warmest decade of the last millennium.
That claim is not borne out by the individual proxy records.

However, the IPCC report in the chapter with Dr. Mann as the
lead author and his colleagues as contributing authors, also con-
cludes that the research “support the idea that the 15th to 19th
centuries were the coldest of the millennium over the northern
hemisphere overall.” Moreover, the IPCC report also concludes that
the Mann and Jones research shows temperatures from the 11th
to 14th centuries to be “warmer than those from the 15th to 19th
centuries.” This again is entirely consistent with our findings and
in contravention of their own error assessment.

Where we differ with Dr. Mann and his colleagues is in the con-
struction of the hemisphere average time series and their assertion
that the 1990’s was the warmest decade of the last millennium.
Reasons why the Mann et al curve fails to retain the fidelity of the
individual proxy records are detailed statistical issues into which
I will not delve. But a real difference of opinion focuses solely on
the Mann et al curve, and how it is an outlier compared to the bal-
ance of evidence on millennial climate change. In a very real sense,
this is a fundamental issue that scientists must address before the
Mann et al curve can be taken as fact.

In closing, let me state that climate is simply more than annu-
ally averaged global air temperature. Too much focus, I believe, has
been placed on defining air temperature time series and such em-
phasis obscures the true issue in understanding climate change
and variability. If we are truly to understand climate and its im-
pacts and driving forces, we must push beyond the tendency to dis-
till climate to a single annual number. Proxy records which provide
our only possible link to the past are incomplete at best. But when
these voluminous records are carefully and individually examined,
one reaches the inescapable conclusion that climate variability has
been a natural occurrence and especially so over the last millen-
nium.

Given the uncertainties and biases associated with the proxy and
instrumental records

Senator INHOFE. Dr. Legates, we are going to have to cut it off.
You have exceeded your time and I am sure you will have an op-
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portunity to finish your thoughts during the question and answer
period.

Dr. LEGATES. Thank you for the privilege.

Senator INHOFE. We are going to, if it is all right, use 5 minutes
and maybe try to get a few rounds here. Is that acceptable? These
will be 5 minute rounds for questioning. I will start.

First of all, Senator Thomas joined us. Thank you for coming,
Senator Thomas.

I will address my first question to Dr. Legates. In my speech on
the Senate floor yesterday, I noted your comments regarding—can
you find that chart of those comments?—the comments regarding
Dr. Mann’s work as shown on the chart. I have a small copy of this.
No, that is not it. It is this chart right here. OK.

First of all, this is a comparison. As I mentioned in my opening
statement, we sit up here as non-scientists so we try to look at
these things and see what is logical, how we should weigh and
compare diverse opinions. Now, the first thing I noticed was that
Dr. Mann, yours I believe was in the area of the timeframe of
1999

Dr. MANN. Excuse me. That is incorrect.

Senator INHOFE [continuing]. And Dr. Soon, you are 2003. So I
think that the timing would mean something because I know that
this is not a static target. This is a moving target.

May I first ask Dr. Legates, do you stand by the statements that
are made on this chart up here, on the contrasting methods that
were used?

Dr. LEGATES. I have not had a chance to actually look at the
chart before now.

Senator INHOFE. Is this the one that he had here? OK, let’s put
that up. All right, then, this statement here,

“Although Mann’s work is now widely used as proof of anthropogenic global
warming. We have become concerned that such analysis is in direct contradic-
tion to most of the research and written histories available. My paper shows

this contradiction and argues that the results of Mann are out of step with the
preponderance of the evidence.”

I am not Tim Russert, but do you stand by these statements?

Dr. LEGATES. I do stand by them, sir.

Senator INHOFE. All right. I note that you are an expert in statis-
tical techniques. In my speech on the Senate floor yesterday, I
noted that even assuming all of the science used by the political
left, come the end of 50 years hence, the Kyoto Protocol would have
no measurable affect on temperature. Do you agree with that?

Dr. LEGATES. Yes, generally.

Senator INHOFE. And if the Kyoto Protocol forces harsher man-
dates, does it follow that the weaker legislative proposals that are
out there right now before us in the Senate would have likewise
no measurable effect?

Dr. LEGATES. That is likely true.

Senator INHOFE. All right. Let’s see. Dr. Mann, since you have
characterized your colleagues there in several different ways as
nonsense, illegitimate, and inexperienced, let me ask you if you
would use the same characterization of another person that I
quoted on the floor yesterday. I would like to call your attention
to the recent op/ed in the Washington Post by Dr. James Schles-
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inger, who was Energy Secretary under President Carter. In it, he
wrote, “There is an idea among the public that the science is set-
tled. That remains far from the truth.” He has also acknowledged
the Medieval Warming Period and the Little Ice Age. Do you ques-
tion the scientific integrity of Dr. Schlesinger?

Dr. MANN. I do not think I have questioned scientific integrity.
I have questioned scientific expertise in the case of Drs. Willie Soon
and David Legates with regard to issues of paleoclimate. As far as
Schlesinger is concerned, I am not familiar with any peer-reviewed
work that he has submitted to the scientific literature, so I would
not be able to evaluate his comments in a similar way. If I could
clarify one——

Senator INHOFE. OK. Well, you can’t because there isn’t time. I
am going to stay within my timeframe and I want to get to ques-
tions so others will have plenty of opportunity to respond to ques-
tions I am sure.

Dr. Soon, how many studies did you examine in total and how
many were appropriate for the criteria you established?

Dr. SOON. Senator, the number is roughly in the order of, if you
speak in terms of the peer-reviewed literature, I would say several
hundred. And the number of people involved in these paleoclimatic
research would be at least 1,000. Of course, I have to emphasize
I am not a paleoclimate scientist, but all of us are ruled by one
simple goal, to understand the nature of how climate works. The
basis to get to the goal is to figure out the exact expressions of the
physical laws.

The short answer is there is a huge number of literature that we
consulted that feed the criteria. This is why we wrote it as a sci-
entific paper.

Senator INHOFE. I was trying to get to the 240 proxies that were
used and the number used.

Dr. SOON. Yes, we listed about 240 proxy studies in our papers.

Senator INHOFE. Last, I would say, do you have more data in
your study than Dr. Mann did in his 1999 work? And is your data
newer?

Dr. SOON. Yes. I would emphasize that most of the proxy records
come from the most recent 5 years.

Senator INHOFE. Thank you, Dr. Soon.

Senator Jeffords.

Senator JEFFORDS. Dr. Mann, would you care to respond?

Dr. MANN. Yes, first of all I wanted to clarify a misstatement
earlier on the part of Senator Inhofe. The results that I showed in
my first graphic which demonstrate that it is a clear consensus of
the climate research community that a number of different esti-
mates, not just ours, but at least 12 different estimates of the his-
tory of the northern hemisphere average temperature for the past
1,000 years give essentially the same result, within the uncertain-
ties. We published a paper just a month ago demonstrating that
that is a robust result of a large number of mainstream researchers
in the climate research community.

Phil Jones and I also have a paper in press in the Journal of
Geophysical Research letters, which demonstrates those results fur-
ther. So in fact, the latest word and the word of the mainstream
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climate research community is the one that I have given you ear-
lier.

Now, as far as the issue of data, how much data was used, there
are a number of misstatements that have been made about our
study. One of them is with regard to how much data we used. We
used literally hundreds of proxy records. We often represented
those proxy records, as statistical climatologists often do, in what
we call a state space. We represented them in terms of a smaller
number of variables to capture the leading patterns of variability
in the data. But we used hundreds of proxy indicators, more in fact
than Dr. Soon referred to. In fact, we actually analyzed climate
proxy records. Dr. Soon did not.

Senator JEFFORDS. Dr. Soon, in a 2001 article in Capitalism mag-
azine, you said that because of the pattern of frequent and rapid
changes in climate throughout the holocene period, we should not
view the warming of the last 100 years as a unique event or as an
indication of manmade emissions’ effect on the climate.

But according to NOAA’s Web site “upon close examination of
these warm periods,” including all the ones that you cited in your
past and most recent article,

“It became apparent that these periods are not similar to the 20th century
warming for two specific reasons. One, the periods of hypothesized past warm-
ing do not appear to be global in extent or, two, the period of warmth can be

explained by known natural climate forcing conditions that are uniquely dif-
ferent than those of the past 100 years.”

Why didn’t either of your articles make an impact on the state
of the science or NOAA’s position?

Dr. SooN. Thank you for your question, Senator. As you may be
aware, my paper just got published this year, January 2003 and
April 2003, so it is all fairly recent. I have just written up this
paper very recently, so I do not know what impact it will have on
any general community, but I do know all my works are done con-
sulting works from all major paleoclimatologists in the field, includ-
ing Dr. Mann and his esteemed colleagues.

As to the comments about the Capitalism magazine, I am not
aware of that particular magazine. I do not know whether I sub-
mitted anything to this journal or this magazine. I do stand by the
statement that it is important to look at the local and regional
change before one takes global averages because climate tends to
vary in very large swings in different parts of the world. That real-
ly is the essence of climate change and one ought to be really look-
ing very carefully at the local and regional change first, and also
one should not look strictly at only the temperature parameter, as
Dr. Mann has claimed to have done. That I think is very important
to take into account.

Senator JEFFORDS. Dr. Mann, could you comment?

Dr. MANN. Yes. Both of those statements are completely incor-
rect. If Dr. Soon had actually read any of the papers that we have
published over the past 5 years or so, he would be aware of the fact
that we use statistical techniques to reconstruct global patterns of
surface temperature. We average those spatial patterns to estimate
a northern hemisphere mean temperature, just as scientists today
seek to estimate the northern hemisphere average temperature
from a global network of thermometer measurements. We use pre-
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cisely the same approach based on proxy reconstructions of spatial
patterns of surface temperature.

So what Dr. Soon has said is completely inaccurate. The first line
on that contrasting methods table up there is also completely inac-
curate.

In terms of variables other than temperature, my colleagues and
I have published several papers reconstructing continental drought
over North America and reconstructed sea-level pressure patterns.
We have looked at just about every variable that climatologists are
interested in from the point of view of paleoclimate indicators. I
think Dr. Soon needs to review my work more carefully.

Senator INHOFE. Thank you, Senator Jeffords.

Senator Allard.

Senator ALLARD. Thank you, Mr. Chairman.

In my mind, I do not think there is any question that the climate
has shown a period of warming here. The question that I bring up
and where I see the debate is, what is causing it and whether it
is the changes that are happening and whether they are significant
or not.

I also wonder what your thinking this world might look like
1,000 years from now, looking at the data that we have now. I won-
dered if maybe each one of you would just give me a brief response
as to what you think of what we are seeing today may look like
projected out over 1,000 years from now. I will start with Dr. Soon.

Dr. SooN. The factors causing climate change are extremely com-
plicated. As I emphasized already, I am very much interested to
learn how the climate changes on a local or regional scale first be-
fore I can speak in terms of global climate. After all, local and re-
gional climate are indeed the most relevant climatic factors that
human activities are being influenced by or the reverse way.

As to the factors of climate change, I believe that it is extremely
difficult yet still to confirm the facts of being, let’s say, even the
late 20th century has anything to do with CO,. We do know that
the CO; is rising, but at the same time we know that climate de-
pends on many other factors. It could be doing it internally all by
itself because of ocean current movements. It could be done, for ex-
ample, by variability imposed externally from the sun, variable out-
puts. Our sun is a variable star. That is a very well known fact.

These are the kinds of factors one has to look very comprehen-
sively at. Additional important factors of human activity would in-
clude land use changes. Those are very well known factors that one
has to keep a good record, or time history, to really understand
what are the causes of the change.

I don’t think I should speculate anything about futures. It is al-
ways very dangerous to talk about the future of any climate.

Senator ALLARD. Dr. Mann.

Dr. MANN. Yes. Well, I certainly agree with your statement that
one of the key issues is what we call the detection or the attribu-
tion of human influence on climate, not just how has climate
changed over the past 100 years or past 1,000 years, but can we
actually determine the causal agents of change.

There has been a solid decade of research into precisely that
question by, again, the mainstream climate research community in
addressing the issue of the relative role of natural factors, as well
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as anthropogenic factors. That includes the role of the sun, the role
of human land use changes, and the role of human greenhouse gas
increases. The model estimates are typically consistent with what
we have seen in the observations earlier.

As far as the next 1,000 years, that is not a particular area of
expertise of mine, but I am familiar with what the mainstream cli-
mate research community has to say about that. The latest model-
based projections indicate a mean global temperature increase of
anywhere between .6 and 2.2 degrees Centigrade. That is one de-
gree to four degrees Fahrenheit relative to 1990 levels by the mid-
21st century under most scenarios of future anthropogenic changes.

While these estimates are uncertain, even the lower value would
take us well beyond any previous levels of warmth seen over at
least the past couple of millennia. The magnitude of warmth, but
perhaps more importantly the unprecedented rate of warming, is
cause for concern.

Senator ALLARD. Dr. Legates.

Dr. LEGATES. Yes. I agree, too, that attribution is one of our im-
portant concerns. As a climatologist, I am very much interested in
trying to figure out what drives climate. We know that a variety
of factors exist. These include solar forcing functions; these include
carbon dioxide in the atmosphere; these include biases associated
with observational methods; these also include such things as land
use changes. For example, if we change the albedo or reflected
amount solar radiation, that too will change the surface tempera-
ture.

So it is really a difficult condition to try to balance all of these
possible combinations and to try to take a very short instrumental
record and discern to what extent that record is being driven by a
variety of different combinations.

My conclusion probably in this case to directly answer your ques-
tion is that the temperature likely would rise slightly, again due
to carbon dioxide, but it would be much more responsive to solar
output. If the sun should quiet down, for example, I would expect
we would go into a cooling period.

Senator ALLARD. I guess the question that I would have, now,
you know you have increased CO,. So how is the environment in
the Earth going to respond to increased CO,? Have any of you
talked to a botanist or anything to give you some idea of what hap-
pens when CO, increases in the atmosphere? Plants utilize CO,,
extract oxygen. We inhale oxygen and extract CO,. Will plants be
more prosperous with more CO,? How does that impact the plant
life? Can that then come back on the cycle and some century later
mean more O, and less CO,?

So I am wondering if any of you have reviewed some of these cy-
cles with botanists and see if they have any scientific data on how
plants respond to CO, when that is the sole factor. I am not sure
I have ever seen a study. There is moisture and other things that
affect plant growth, but just CO, by itself. Have any of you seen
any scientific studies in that regard?

Dr. SooN. I have seen that. In fact, I have written a small paper
that has a small section regarding that.

Senator ALLARD. And what was their conclusion?
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Dr. SoON. The conclusion is that in general, of course, under en-
richment of the CO; in the free air, that yes, plant growth will be
enhanced. For example, as indicated by your chart, the crop yield
can increase by 30 percent or higher for a doubling of CO,, depend-
ing on the actual constraints in the field, like types of crops, how
wet or how dry, etc. All of these examples are very well known and
well verified in the field of botany.

Senator ALLARD. My time has run out. Would the other two
agree with what he said?

Dr. MANN. Not quite.

Senator ALLARD. What is your modification?

Dr. MANN. In fact, a number of studies have been done, what are
called “FACE” experiments. They are open canopy experiments in
which CO, is elevated in the forest and scientists examine the
changes in the behavior of that forest. What scientists at Duke
University are finding is that while there is a tendency for an up-
take of CO, by the plants in the near term, what happens is even-
tually those plants will die. They will rot. When that happens, this
happens on generational time scales.

Senator ALLARD. Just CO; being the variable and not moisture
and anything else?

Dr. MANN. Just CO,. The CO, will go back into the atmosphere
because the plants that take it up

Senator ALLARD. Do they have an explanation of why the rot oc-
curred?

Dr. MANN. Well, just when things die, they will rot and they will
give up their CO, back to the atmosphere eventually.

Senator ALLARD. Well, that really does not get to the point I was
trying to make.

Doctor.

Dr. LEGATES. To follow on that, enhanced CO, and dying plants
would also provide the ability for more plants to therefore grow in
its place. In particular, one of the people on our study, Dr. Sher-
wood Idso, has done a lot of this study with carbon dioxide and en-
hanced where you can control the amount of water and energy
available to plants associated with lowered CO, and higher CO,.

Senator ALLARD. So your conclusion is that CO, increases plant
growth?

Dr. LEGATES. Yes.

Senator ALLARD. OK.

Thank you, Mr. Chairman.

Senator INHOFE. Thank you, Senator Allard.

Senator Carper, we were going to go by the early bird rule. Is
it all right if Senator Thomas goes ahead of you here?

Senator CARPER. Sure.

Senator INHOFE. Senator Thomas.

Senator THOMAS. Thank you. I am a little confused about where
we even ask the questions. Obviously, there is a difference of view.
We are expected to make some policy decisions based on what we
ought to be doing with regard to these kinds of things, but yet
there does not seem to be a basis for that kind of a decision. Where
would you suggest we get the information that is the best informa-
tion we could get to make policy decisions for the future? Would
each of you like to comment shortly on that?
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Dr. MANN. Sure. I guess I would reiterate the comments that I
made earlier, that in a National Academy of Sciences study that
was commissioned by the Bush Administration in 2001, the Na-
tional Academy of Sciences in essence stated their agreement with
the major scientific findings of the Intergovernmental Panel on Cli-
mate Change, the IPCC, which is the United Nations panel of sci-
entists, thousands of scientists from around the world who put to-
gether a report on the state of our knowledge about all of these
things—climate change scenarios, our uncertainty about various at-
tributes of the climate system. The conclusions that I stated earlier
are the consensus conclusions of the IPCC.

Senator THOMAS. That is where you would go.

Dr. MANN. That is where they have gone, yes.

Dr. LEGATES. I would generally argue the IPCC is a bit of a polit-
ical document to the extent to which it does present some biased
science. There is a lot of good science in there, but a lot of the con-
clusions are sort of not borne out by the facts. Having been presi-
dent of the Climate Specialty Group of the Association of American
Geographers, which is probably the largest group of climatologists
available, I know from talking to rank-and-file members that they
generally—my impression is that most climatologists agree it takes
a rather strong viewpoint.

So I have real serious concerns that it really represents a con-
sensus, and in particular when, for example, in this discussion
when we change dramatically what a lot of people have held true,
that is the Little Ice Age, Medieval Warming and so forth, and re-
place it with a flat curve very quickly, I do not think we have given
it enough time to really decide if in fact that is an appropriate
change in paradigm.

Dr. SooN. Although I am not able to comment on anything on
public policies, I am certainly able to testify that the science is
completely unsettled. There are just so many things that we do not
know about how the climate really works and what are the factors
that cause it to change, to really jump to the conclusion that it will
all be CO».

Senator THOMAS. Thank you. That helps a lot.

[Laughter.]

Senator INHOFE. You still have some time remaining. Did you
have an opportunity to see the chart up here that Dr. John Reilly,
MIT Joint Program on Science Policy and Global Change? On the
floor yesterday, I talked at some length on this. There seems to be
a lot of consensus that there are some very positive benefits.

Senator THOMAS. It is really interesting, you know, in Schles-
inger’s thing it indicates that the temperature after 1940 dropped
until 1977. So that makes you wonder what we ought to do. The
rise in temperature during the 20th century occurred between 1900
and 1940. So now we are faced with making policy decisions where
there is no real evidence that the things that the greenhouse gases
measurable by the U.N. is the basis for doing these things.

I know in science everyone has little different ideas, but I do
think we are going to have to, Mr. Chairman, as you pointed out
yesterday, either take it a little more slowly in terms of policy, or
we are not going to have something more basic to base it on than
we have now in order to make significant policy changes.
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Thank you.

Senator INHOFE. Thank you, Senator Thomas.

Senator Carper.

Senator CARPER. Thank you, Mr. Chairman. I want to welcome
our witnesses this morning. Dr. Legates, it is great to have a fight-
ing Blue Hen here from the University of Delaware. We are de-
lighted that you are here. Dr. Mann, thanks for coming up, and Dr.
Soon, welcome. We thank you for your time and your interest and
your expertise on these issues, and your willingness to help us on
some tough public policy issues that we face.

Dr. Mann, I would start off if I could and direct a question to
you. I understand we have had thermometers for less than 200
years, and yet we are trying to evaluate changes in temperature
today in this century and the last century with those that occurred
500 or 1,000 or 2,000 years ago. I understand that we use proxies
for thermometers, if you will, and for those kinds of changes in
temperature.

I wonder if you could help me and maybe the committee better
understand how we compare today’s temperature measurements to
the proxies of the past. Are there potential risks with relying on
some of those proxies?

Dr. MANN. Absolutely. We have to use them carefully when we
try to reconstruct the past temperature history. So when I say we
have to use them carefully, it means some of the things that I dis-
cussed in my testimony earlier, that we need to actually verify that
if we are using a proxy record to reconstruct past temperature pat-
terns, that proxy record is indeed reflective of temperature
changes. That is something that typically paleoclimate scientists
first check to make sure that the data they are using are appro-
priate for the task at hand. Of course, we have done that in our
virlork. I did not see evidence that Soon and colleagues have done
that.

First of all, we next have to synthesize the information. There
have been some misleading statements made here earlier on the
part of the other testifiers with regard to local versus regional or
global climate changes. Of course, we have to assimilate the infor-
mation from the local scale to the larger scales, just as we do with
any global estimate of quantity. So we take the regional informa-
tion; we piece together what the regional patterns of change have
been, which may amount to warming in certain areas and cooling
in other areas. Only when we have reconstructed the true global
or hemispheric regional patterns of change can we actually esti-
mate the northern hemisphere average, for example.

A number of techniques have been developed in the climate re-
search community for performing this kind of estimate. My col-
leagues and I have described various statistical approaches in the
detailed climate literature. Some of the estimates are based on fair-
ly sophisticated techniques. Some of them are based on fairly ele-
mentary techniques. Yet all of the results that have been published
in the mainstream climate research community using different
techniques and different assortments of proxy data have given, as
I showed earlier in my graph, the same basic result within the un-
certainties. That has not changed. An article that appeared last
month in the American Geophysical Union, which is actually the
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largest professional association of climatologists, showed that in-
deed that is the consensus viewpoint of the climate research com-
munity.

Senator CARPER. Thank you.

Dr. Legates, if I could ask a question of you, please. Have you
or anyone of your colleagues, at the University of Delaware, to your
knowledge studied the historical climate and temperature records
in our part of the country, in Delaware, the Delmarva Peninsula,
or the mid-Atlantic region?

Dr. LEGATES. We do not have anybody on staff presently that
does paleoclimatology. One of the basic understandings that you
must come up with when you study climate is that you must un-
derstand various things of hydroclimatology, physic climatology,
and that includes paleoclimate study. So you must be at least
versed in these things if you are not necessarily a paleoclima-
tologist.

We do have Dr. Brian Hanson at the University of Delaware who
has looked at glacier movements over long time periods, as well as
Dr. Fritz Nelson who has looked at changes associated with perma-
frost locations.

Senator CARPER. If someone were to do a study for our part of
the country, what do you think they might find?

Dr. LEGATES. A study regarding?

Senator CARPER. Historical climate and temperature changes.

Dr. LEGATES. Over the East Coast of the United States? Most of
the assessments indicated that generally the East Coast has gone
through a variety of changes over long time periods. Historically,
we have had a condition where in the 1960’s, for example, we had
conditions where there was much more snowfall. We have had a lot
of variability associated with air temperature rising and falling
over the local conditions. Variability is usually the characteristic of
climate over the near-term as well.

Senator CARPER. OK. Dr. Soon, if I could ask you and maybe Dr.
Legates the same question, the following question. That question
is, do you believe that it is possible to emit unlimited amounts of
CO; into our atmosphere without having any impact on climate or
temperature?

Dr. SooN. I do not know how to precisely answer the question.
If you fill up every single molecule of the air with CO,, that would
be poisonous, of course. I do not know the answer to the question,
but I do like to add about the evidence available on climate change.

Senator CARPER. Before you do that, let me direct, if I could, the
same question to Dr. Legates. I do appreciate your candor. It is not
everyday that we find that here in this hall.

Dr. LEGATES. Generally, what we have found is that as carbon
dioxide has increased, the temperature has followed, where in some
cases historically the temperature has gone up and the carbon diox-
ide has fallen. So generally from a purely physical point of view,
if you do increase the carbon dioxide, you should wind up with
some trapping of gases, and hence wind up with a slightly in-
creased temperature.

The question is, there is a lot of additional feedbacks associated
with it. For example, warmer surface temperature leads to more in-
stability or rising air which leads to more cloudiness. Clouds can



24

warm at night, but also reflect energy in the daylight. So you have
these odd playbacks into the climate system which make it very
difficult to say that if I hold everything else constant and change
one variable, what will happen. Well, in reality, it is impossible to
hold everything constant because it is a very intricate and inter-
woven system that one change does have feedbacks across the en-
tire spectrum.

Senator CARPER. Thanks. I think my time has expired, Mr.
Chairman. Is that correct?

Senator INHOFE. Yes. Thank you, Senator Carper.

Senator CARPER. Thank you.

Senator INHOFE. We will have another round here. In fact, I will
start off with another round. Let’s start with Dr. Legates. Dr.
Legates, was the temperature warmer 4,000 to 7,000 years ago
than it is today?

Dr. LEGATES. My understand was during about 4,000 to 7,000
years ago, in a period referred to as the climatic optimum, which
sort of led to enhanced agriculture and led to development of civili-
zation, generally the idea is that warmer temperatures lead to
more enhanced human activity; colder temperatures tend to in-
hibit. Again, as we get back 4,000 to 7,000 years ago, it becomes,
the error bars are getting wide as well. But the general consensus
is that temperatures were a bit warmer during that time period.

Senator INHOFE. OK. Senator Thomas had something about, he
had alluded to 1940. Yesterday when I was giving my talk and
doing the research for that, it was my understanding that the
amount of CO, emitted since the 1940’s increased by about 80 per-
cent. Yet that precipitated a period of time from about 1940 to 1975
of a cooling-off period. Is that correct?

Dr. LEGATES. That is correct. It is sort of a perplexing issue in
the time series record that from 1940 to 1970 approximately, while
carbon dioxide was in fact increasing, global temperatures appear
to be decreasing.

Senator INHOFE. Dr. Mann, you have I might say impugned the
integrity of your colleagues and a few other people during your
presentation today. The Wharton Econometric Forecasting Associ-
ates did a study as to the effect of regulating CO, and what would
happen. American consumers would face higher food, medical and
housing costs; for food, an increase of 11 percent; medicine, an in-
crease of 14 percent; and housing, an increase of 7 percent. At the
same time, the average household of four would see its real income
drop by $2,700 in 2010.

Under Kyoto, the energy and electricity prices would nearly dou-
ble and gasoline prices would go up an additional 65 cents a gallon.
I guess I would ask at this point, what is your opinion of the Whar-
ton study?

Dr. MANN. OK. First, I would respectfully take issue with your
statement that I have impugned the integrity of the other two tes-
tifiers here. I have questioned their, and I think rightfully, their
qualifications to state the conclusions that they have stated. I pro-
vided some evidence of that.

Senator INHOFE. Well, “illegitimate, inexperienced, nonsense”——

Dr. MANN. Those are words that I used. Correct.

Senator INHOFE [continuing]. That is a matter of interpretation.
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Go ahead.

Dr. MANN. I would furthermore point out that the very models
that I have referred to track the actual instrumental warming and
the slight cooling in the northern hemisphere. There was no cooling
of the globe from 1940 to 1970, the northern hemisphere——

Senator INHOFE. OK. The question I am asking you is about
WEFA.

Dr. MANN. I am not a specialist in public policy and I do not be-
lieve it would be useful for me to testify on that.

Senator INHOFE. Dr. Legates, have you looked at the report that
Wharton came out with concerning the possible effects, economic
results of this?

Dr. LEGATES. Again, I am not a public policy expert either, and
so the economic impacts are not something which I would be quali-
fied to testify on.

Senator INHOFE. OK, Dr. Legates, do you think you have more
data than Dr. Mann?

Dr. LEGATES. I think we have looked at a large variety of time
series. We have looked at essentially a large body of literature that
existed both prior to Dr. Mann’s analysis and since Dr. Mann’s
analysis, in attempting to figure out why his curve does not reflect
the individual observations. It is one issue associated with when
you put together data sets, to make sure that the composite sort
of resembles the individual components.

Senator INHOFE. OK. The timeline, Dr. Mann, is something I
have been concerned with, and those of us up here are listening to
you and listening to all three of you and trying to analyze perhaps
some of the data that you use and the conclusions you came to,
having been 4 or 5 years back, compared to a study that was done
referring to Smithsonian-Harvard, the 1,000-year study that was
just completed, or at least given to us in March of this year. I
would like to have each of you look at the chart up here and just
give us a response as to what you feel in terms of the data that
both sides are using today.

Dr. MANN. I guess you referred to me first?

Senator INHOFE. That is fine. Yes.

Dr. MANN. OK. Well, I think we have pretty much demonstrated
that just about everything there is incorrect. In a peer-reviewed
publication that was again published in the Journal Eos of the
American Geophysical Union about a month ago, that article was
cosigned by 12 of the leading United States and British climatolo-
gists and paleoclimatologists. We are already on record as pretty
much pointing out that there is very little that is valid in any of
the statements in that table. So I think I will just leave it at that.

Senator INHOFE. Do the other two of you agree with that?

Dr. LEGATES. If I may add, the Eos piece was actually not a ref-
ereed article. It is an Eos Forum piece, which by definition is an
opinion piece by scientists for publication in Eos. That is what is
contained on the AGU Web site for Eos Forum.

Senator INHOFE. All right. Let me ask one last question here. Dr.
James Hansen of NASA, considered the father of global warming
theory, said that the Kyoto Protocol “will have little affect on global
temperatures in the 21st century.” In a rather stunning followup,
Hansen said it would take 30 Kyotos, let me repeat that, 30 Kyotos
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to reduce warming to an acceptable level. If one Kyoto devastates
the American economy, very much by the findings of Wharton,
what would 30 Kyotos do? Is Dr. Hansen one of the most respected
scientists in your field or is he way off base?

Dr. MANN. Dr. Hansen is certainly one of the most respected sci-
entists in my field and I personally have great scientific respect for
him. I think that his conclusions have been grossly taken out of
context. His point is simply that Kyoto would, and this is his point,
these are not my opinions, would do very little to ameliorate the
warming over the next century for two reasons.

No. 1, there is something that scientists call the commitment to
warming. Once we put CO; into the atmosphere, it takes many dec-
ades, on orders of decades to maybe centuries for it fully to equili-
brate with the ocean and the atmosphere. So some of that CO; is
taken up by the ocean. So the effect of it is delayed. So cutting back
on CO; now may not affect global temperatures for 50 years, but
50 years later it is going to come back to roost.

Senator INHOFE. All right, that was a rather long answer, so let
me just, with the indulgence of my fellow Senators here, I just
want to ask one last question. I quoted Dr. Frederick Seitz, the
past president of the National Academy of Sciences yesterday, and
professor emeritus at Rockefeller University, who compiled an Or-
egon petition which says there is no convincing scientific evidence
that human release of carbon dioxide, methane and other green-
house gases is causing, or will in the foreseeable future cause cata-
strophic heating of the Earth’s atmosphere and disruption of the
Earth’s climate.

Moreover, there is substantial scientific evidence that increases
in atmospheric carbon dioxide produce many beneficial effects upon
the natural plant and animal environments of the Earth. Do each
of the three of you agree or disagree with his statement?

Dr. SooN. I agree.

Dr. MANN. I find little in there to agree with.

Dr. LEGATES. I would tend to agree.

Senator INHOFE. All right.

Senator Jeffords.

Senator JEFFORDS. As you may know, this is to all of you, the
editor-in-chief of the magazine Climate Research resigned the posi-
tion yesterday over problems with Dr. Soon’s paper. In an e-mail
sent to my staff, he said,

“My view, which is shared by many, but not all editors and review editors
of Climate Research, is that the review of the Soon et al paper failed to detect
significant methodological flaws in the paper. The critique published in the Eos
journal by Mann et al is valid. The paper should not have been published in

this forum, not because of the eventual conclusion, but because of the insuffi-
cient evidence to draw this conclusion.”

What methodological flaws does he mean?

Dr. Mann.

Dr. MaNN. Well, I have tried to outline the most severe of those
methodological flaws. I believe it is the mainstream view of just
about every scientist in my field that I have talked to that there
is little that is valid in that paper. They got just about everything
wrong. They did not select the proxies properly. They did not actu-
ally analyze any data. They did not produce a reconstruction. They
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did not produce uncertainties in a reconstruction. They did not
compare to the proper baseline of the late-20th century in trying
to make conclusions about modern warmth.

So I think it is the collective view of our entire research commu-
nity that that is one of the most flawed papers that has appeared
in the putative peer-reviewed research in recent years.

Senator JEFFORDS. Dr. Soon, do any scientists besides your co-
authors support using wetness or dryness as indicators of past tem-
peratures, instead of actual temperatures or proxy data that re-
flects temperatures?

Dr. SOON. As we explain clearly in our paper, and as it has been
highly mischaracterized by my fellow colleague here, Dr. Mann, we
certainly agree when we speak in term of the Medieval Warm Pe-
riod, temperature is one of the important parameters. As we em-
phasize and specify in our papers that climate is not temperature
alone. One has to look in terms of the water cycle, in terms of even
the air cycles, in terms of the vegetation changes. These are the
kind of details that we did not make any presumptions, but simply
want to look at the patterns of change geographically all over the
world, and see how complete the datas are, and then begin to start
to see how do we assemble all such information.

Senator JEFFORDS. This is for the whole panel. I would like to
know whether the unusual melting of Greenland ice sheets shown
in this picture over the years 2001, 2002 and 2003, has been
matched in the long-term climate history any other time? And ac-
cording to NASA, by the end of the year 2002 season, the total area
of surface melt in the Greenland ice sheet had broken all known
records. By the end of that summer “Sea ice levels in the Arctic
were the lowest in decades and possibly the lowest in several cen-
turies.”

NASA says this warming is happening faster and earlier than in
previous periods. What is happening now and what is going to hap-
pen if this continues?

Dr. Mann.

Dr. MANN. Well, this is, of course, one particular region, one po-
tentially isolated region, Greenland, in which there is evidence of
mass oblation of ice. But if we look at what is going on the world
over, mountain glaciers in the tropics throughout the world, gla-
ciers in both the northern hemisphere and the southern hemi-
sphere, what is seen is that glacial retreat during the late 20th
century is unprecedented on similar time scales to the time scales
I have spoken of before, the past 1,000 to 2,000 years.

I believe Professor Lonnie Thompson of Ohio State University
has testified in this Senate before with regard to the dramatic evi-
dence of worldwide glacier retreat. So that is a cause for concern.
It is a harbinger of the warming because in fact the warming that
is shown in those glacier retreats is actually warming that we are
already committed to for decades to come.

Dr. LEGATES. Historically, it has been demonstrated in the ref-
ereed literature that much of this glacial retreat actually began in
the late 1800’s, before much of the carbon dioxide came into the at-
mosphere. This is very much consistent with the demise of the Lit-
tle Ice Age and longer time-scale variations. Therefore, it is very
difficult to say that these kind of events are directly attributable
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to human impacts on the climate, when they in fact pre-date
human impacts on the climate.

Senator JEFFORDS. Dr. Soon.

Dr. SOON. My only comment regarding that kind of chart or the
claim that it has never happened before is that to think about the
available, detailed observation that we have. We do not really have
any satellite record longer than 20 to 30 years, so the statement
that it has never happened before I think is dangerously inac-
curate.

Senator JEFFORDS. Dr. Mann.

Dr. MANN. Yes. It is unfortunate to hear comments about the
supposed inconsistencies of the satellite record voiced here, years
after that has pretty much been debunked in the peer-reviewed lit-
erature, in Nature and Science. Both journals have in recent years
published several rigorously peer-reviewed articles indicating that
in fact the original statement that the satellite record showed cool-
ing was flawed because the original author, John Christy, did not
take into account a drift in the orbit of that satellite, which actu-
ally leads to a bias in the temperatures from the satellite.

Christy and colleagues have claimed to have gone back and fixed
that problem, but just about every scientist who has looked at it
says that their fix is not correct. If you fix it correctly, then the sat-
ellite record actually agrees with the surface record, indicating fair-
ly dramatic rates of warming in the past two decades.

Senator JEFFORDS. I have one last question, Dr. Mann. What are
the implications of your peer-reviewed work for future manmade
warming?

Dr. MANN. As I said before, there have been a number of mod-
eling simulations that have shown a fairly good match to our recon-
struction and that of several independent research groups who
have also produced these reconstructions of northern hemisphere
temperature. So to the extent that the models match that record
of the past 1,000 years when they are forced with various estimates
of natural changes in the system, it gives us reason to trust what
the models say about the future. As I testified before, the models
tell us that we are likely to see a one degree to four degree Fahr-
enheit warming by the mid-20th century, given most predicted sce-
narios of continued anthropogenic influence on the climate.

Dr. LEGATES. If I may add something, one of the things I have
heard is that science has been debunked and, for example, we
pointed to Dr. Christy’s curve up here and said that because one
paper has been written, that curve is now called into question. We
have talked about—you mentioned von Storch’s resignation from
Climate Research because apparently he has admitted that this
paper never should have been published.

I want to point out that science debate goes on and on. In par-
ticular, Dr. Christy has had some very important contributions to
indicate that his curve is not incorrect. That is part of scientific de-
bate. Furthermore, I will say with respect to Climate Research,
Otto Kinne, who is director of Inter-Research, the parent organiza-
tion of Climate Research, asked Chris de Freitas who was the edi-
tor who served on the Soon and Baliunus papers, and I can relay
this because I am a review editor of Climate Research so I am fa-
miliar with what has been taking place.
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There were several people complaining that Chris de Freitas
should be removed simply because he published the Soon and
Baliunus paper. That question was brought to Otto Kinne. He
asked for Chris de Freitas to provide him with the reviews, the
changed manuscripts and so forth. He provided a letter in late
June to all of us in which he said,

“I have reviewed the evidence and I have indicated that the reviews, four for
each manuscript, in fact there was a second or an earlier Soon and Baliunus

article on another topic that was also called into question by these people lev-
eling charges.”

Essentially what he concluded was that the reviewers provided
good and appropriate comments; that Doctors Soon and Baliunus
provided an appropriate dressing or incorporation of these con-
cerns; and that Chris de Freitas had in fact provided analysis ap-
propriately.

Toward that end, Dr. von Storch was approached. Climate Re-
search was putting in an editorial stating essentially this article
should never have been published. Otto Kinne was informed and
he has asked him not to submit that because it is not founded, and
as a result Dr. von Storch, I now understand, has said he would
resign.

Senator JEFFORDS. Dr. Mann.

Dr. MANN. Yes, just a very short comment. It is unprecedented
in my career as a scientist to hear of a publisher of a journal going
in and telling the editor-in-chief that he cannot publish an edi-
torial. I find that shocking and a bit distressing. I do not know
what the circumstances are behind it, but it is disturbing.

Dr. LEGATES. It is also unprecedented to find an editor being at-
tacked, and this has also happened with the editorial staff of En-
ergy and Environment, which is the other paper, to find an editor
attacked for simply publishing an article that has been peer-re-
viewed and approved by reviewers.

Senator INHOFE. All right. The time has expired. We are 4 min-
utes over.

Senator JEFFORDS. I think that my witness should have the last
word on my question, if I could. Dr. Mann, do you have any re-
sponse to that?

Dr. MANN. Actually, my understanding is that Chris de Freitas,
the individual in question, frequently publishes op/ed pieces in
newspapers in New Zealand attacking IPCC and attacking Kyoto
and attacking the work of mainstream climatologists in this area.
So this is a fairly unusual editor that we are talking about.

Senator INHOFE. All right, thank you.

Senator Clinton has joined us. Senator Clinton would you like to
have your round now?

Senator CLINTON. Thank you very much, Mr. Chairman. I thank
you for this hearing. I understand that the questioning and the tes-
timony has been somewhat lively, if not controversial and con-
tested. The bottom line for me is whether we are doing what we
need to do to ensure the best possible climatology outcome for fu-
ture generations. I would stipulate that the Earth’s climate has
changed through the millennia. There is no doubt about that. I
have read enough to know that we have had ice ages and we have
had floods and we have had volcanoes. We have had lots of natu-
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rally occurring events which have affected our climate. We have El
Nifio and his spouse, E1 Nifia. We have all of that. That is not de-
batable.

The issue is whether the introduction and acceleration of anthro-
pogenic activity primarily related to the burning of fossil fuels is
putting into place conditions that will make it difficult, if not im-
possible for the Earth to regain its balance, that will support the
conditions of life that we have inherited and are blessed with.

I know these debates have political implications because heaven
forbid that we would tell somebody in the private sector not to do
something, or that we might have to make sacrifices in the quality
of our life for future generations. I think that it is not useful to
carry out this kind of argumentation when it is clear that by the
very nature of human development and industrialization, we have
changed what is in the atmosphere, what is in the earth, what is
in the waters.

That does not mean there was no change before we came along,
and certainly in the last century that change has accelerated be-
cause the quality of life has improved, we have created chemicals
that were never known in nature before. We have done a lot of
things.

But I think that our goal should be to try to figure out how to
do no harm or do the least amount of harm, and to ask ourselves,
what are we willing to perhaps sacrifice to make sure that we are
not contributing to irreversible changes. I know that academia is
probably the most political environment in America. I was once on
a staff of a law school. It was more difficult than any politics I had
ever been involved in beforehand. I know that people have very
strong opinions and hold on to them.

From my perspective, I just want to believe that I am making a
contribution to ensuring that the quality of life for future genera-
tions is not demonstrably diminished. I would feel terrible if I par-
ticipated, either as a willing actor or a bystander, in this potential
undermining of our Earth’s sustainability.

So Dr. Mann let me ask you, what was the Earth’s climate like
the last time that there was atmospheric concentration of carbon
dioxide at today’s levels of 370 parts per million?

Dr. MANN. Thank you, Senator, that is an excellent question. We
have to go back fairly far into the past to find CO, levels approach-
ing the CO; levels today. Ice core studies that have been done over
the past decade or so have told us that today’s CO, level is unprec-
edented now in at least four glacial or inter-glacial cycles. That is
more than 400,000 years.

In fact, now as we look back from other evidence that is a bit
more tentative, it appears that modern CO, levels probably have
not been observed in 10 million to 20 million years. So we have to
go back to the time of the dinosaurs, probably, to find CO, levels
that we know were significantly higher than CO, levels today.

Some people will say, “Well look that was a great time.” The di-
nosaurs were roaming near the poles. It was warm near the north
pole. There were palm trees in the poles. Isn’t that what we want?
Well, that was a change that occurred on time-scales of tens of mil-
lions of years. What we are observing right now is a similar change
that is occurring on time-scales of decades.
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Senator CLINTON. Thank you. Thank you, Dr. Mann.

Senator INHOFE. Senator Clinton, if you would like to have some
more time, since we are on the second round now, feel free to take
another couple of minutes.

Senator CLINTON. Thank you very much, Mr. Chairman.

I guess that is, for me, the dilemma, because I certainly under-
stand the testimony of the other two witnesses, and I read with
great interest former Secretary Schlesinger’s op/ed. I know that
there are those, who are in a minority, let’s at least admit that,
who are in a minority, but who certainly have a very strongly held
set of beliefs, and I respect that.

But I do believe that the compression of time in which these
changes are occurring is extraordinarily significant. We can go back
and look at the Earth’s natural 125,000-year cycle, but I do not
think we want to risk the enormous changes that could occur. I do
not think we have a million or 10 million years or even 100,000 to
experiment.

I think that the challenge confronting us is not to put our heads
in the sand and let the academic argument take place, but figure
out how in a sensible, prudent manner we could ameliorate these
changes significantly enough so that if Dr. Soon and Dr. Legates
are right, no harm done. If Dr. Mann is right, we will have saved
ourselves a lot of potential damage and difficulty.

So I hope that we could put our heads together. I commend my
two colleagues, both Senator Jeffords and Senator Carper, who
have very sensible legislative answers to trying to get a handle on
this. As I have said in this committee before, I stand ready to fig-
ure out ways to hold harmless our industrial base and others. I
think it is a significant enough political, economic and moral chal-
lenge that if there are ways to make it financially possible for com-
panies to do what needs to be done with respect to carbon dioxide
and other atmospheric pollutants that have accelerated their pres-
ence in our atmosphere so dramatically in the last 100 years, I
think we should do that.

This is not just a private sector problem. We all have benefited
from the increasing use of fossil fuels, for example. Our standard
of living is dramatically better. One of our problems is what is
going to happen if China and India get a standard of living any-
where comparable to ours, and then begin to really—and I see Dr.
Soon nodding—I mean really dump into the atmosphere untold
amounts of new pollutants of whatever kind, leading certainly with
carbon dioxide.

So this is a problem we need to get ahead of, and it is not a prob-
lem that the United States alone should be responsible for. It is not
a problem that the private sector alone should be responsible for.
But I believe, just as a prior generation of decisionmakers really
put a lot of work into the law of the oceans and trying to figure
out how we could protect our oceans, we need to do the same on
the atmospheric level. There has got to be a way that we can come
together on this big challenge.

So Mr. Chairman, I appreciate your continuing attention to this.
I, for one, stand ready to work with you and our other colleagues
because I just think this is too risky a proposition not to act on,
given the weight of opinion, even with the dissenters, who I think
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do rightly point out the incredible natural cycle, but we are now
so influencing that natural cycle, I do not know if we have the time
to contemplate the balance once again regaining itself in our won-
derfully regenerating Earth.

Senator INHOFE. Thank you, Senator Clinton.

Senator Carper.

Senator CARPER. Thanks, Mr. Chairman. I just want to followup.
Senator Clinton was kind in her comments on the legislation, the
one that Senator Jeffords has introduced and second on legislation
I have introduced along with Senators Judd Gregg, Lincoln Chafee
and Lamar Alexander.

Are any of you familiar with that legislation? Would you like to
become familiar over the next 5 minutes?

[Laughter.]

Dr. SoON. No, we will stick to science. Politics is too complicated.

Senator CARPER. All right. That may be the best approach.

We are trying to figure out if there is a reasonable middle ground
on this issue. I am part of a group that Buddy MacKay, a former
colleague of mine from Florida, calls the flaming moderates or
flaming centrists. We can spend a whole lot of time discussing the
impact of Kyoto caps, or we can focus on what steps we actually
need to take.

The approach that Senators Gregg and Chafee and Alexander
and myself have taken, at least with respect to four pollutants, we
say unlike the President’s proposal where he only addresses sulfur
dioxide and nitrogen oxide and mercury, and does not address CO»,
as you know, because he thinks we need to study it a bit more. Our
approach says that there ought to be caps on CO,; that they should
be phased in; that we should use a cap and trade system; we
should give utilities the opportunity to buy credit for levels of CO,
emissions that they maintain at high levels; and they should be
able to contract with, among others, farmers and those who would
be forced out of lands to change their planning patterns or change
their animal feedlot operations in order to be able to sequester
some of the CO, that occurs in our planet.

We have something called new source review. The President
would eliminate it entirely. I think in Senator Jeffords’ approach,
it is pretty much left alone. There is a good argument that says
that utilities under current law, if they make some kind of minor
adjustment and minor investment in their plant, that they have to
make a huge investment with respect to the environmental con-
trols. As a result, it keeps them from making even common sense
kinds of investments in their plants—sort of the laws of unin-
tended consequences. That is sort of the approach that we have
taken.

Now that you know all about it, if you were in our shoes, what
kind of an approach would you take? Let me just start with our
University of Delaware colleague here, Dr. Legates.

Dr. LEGATES. Generally, I favor no regrets policies, where they
have other applications as well. But again, getting into the politics
and the non-science aspects of what to do is out of my area of ex-
pertise. I may have my own beliefs, but they are no more important
or less important than the average person. I would rather not tes-
tify to those here.
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Senator CARPER. If you were convinced, and some of my col-
leagues have heard me talk about Dr. Thompson before, I don’t
know that they testified before this committee, but Doctors Knoll
and Thompson spend their lives going around the world and they
chart the disappearance of snow caps in some of the tallest moun-
tains. I first met them here in Delaware about 5 or 6 years ago to
receive an award for their research.

But they tell us that the snow caps around some of the tallest
mountains in the world, the Himalayas and others, are not just dis-
appearing, they will be gone, and they will be gone in our lifetime.
When I heard them speak and talk about their work and what they
were charting and finding, it got my attention. When you hear
that, Dr. Legates and Dr. Soon, how does it affect you?

Dr. SOON. As a scientist, I am still questioning the actual evi-
dence. The fact is that meltings may be recorded for certain gla-
ciers. But among the things that we know is that there are about
160,000 glaciers around the Earth, but only 40 to 50 glaciers have
been measured for 10 years or longer to tell us how much the ice
has accumulated or has ablated.

Some of the specific melting examples, like Kilimanjaro, that Dr.
Lonnie Thompson has looked at, or some places in Peru may be
true. But the quality of the data records is really telling us that
we do not have enough strong evidence to suggest that all the ice
will disappear quickly and completely, or that all of it is unprece-
dented. Climate change is part of nature. As I tried to emphasize
in my research by looking carefully into all the climate proxies,
there are large local swings in the climatic changes.

Senator CARPER. Dr. Soon, what would it take to convince you
that this is a problem we need to deal with?

Dr. SOON. As to some of the glaciers disappearing now in some
parts of the mountains, I do not consider that to be either a prob-
lem or strong evidence

Senator CARPER. No, no, the big issue. What would it take with
respect to the concerns about global warming fed by CO, accumula-
tion, what would it take to convince you that this is a problem we
need to do something about?

Dr. SooN. OK. Scientifically, I would go by this very simple test.
The simple test should be that the warming should be occurring
first at the troposphere, the layer of air about four kilometers
above us. That is a key part of the atmosphere that one should ex-
pect the CO, greenhouse effect to work its way downward toward
the surface. I would urge, of course, very seriously that we do not
lose sight in all these debates about science, we must sustain a cer-
tain kind of level of observational effort to keep track of data so
that while we are arguing around what to do, that one has some
records about any level of change that may occur.

So what it would take is that the CO, warming should happen
at the layer of air four kilometers first. I would require it be
strongly sustained for maybe 20 years or so. Then I would really
believe that we have clear CO, fingerprints somewhere.

Senator CARPER. Mr. Chairman, I know my time has expired.
Could T just ask that same question of Dr. Legates? What would
it take to convince you?
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Dr. LEGATES. Proof. Generally the problem we have seen in the
record is that there is an awful lot of variability and there are
things where changes occur, for example, between 1940 and 1970
where the temperature decreased, even though carbon dioxide was
increasing. That sort of indicates to me that carbon dioxide may
not be the biggest player in the game. Solar variability is likely to
be the bigger player, changes in solar output. After all, if the sun
goes out, our temperature drops considerably. We know historically
that as the sun fluctuates in terms of its output, the climate does
respond.

So there are a lot of other factors involved and I am not entirely
convinced, based upon the proof, that carbon dioxide is a driving
force. It is a contributory force in a small case, but not driving
enough, because we wind up making policies potentially that can
lead us to try to keep back the ocean, if you will. You cannot stop
the waves from coming in.

Senator CARPER. Dr. Mann.

Dr. MANN. Two quick points. First of all, it grates on me to hear
this argument about cooling from 1940 to 1970 continually cited
here as evidence against anthropogenic climate change. That cool-
ing was almost certainly anthropogenic and there has been a dec-
ade of research demonstrating that, anthropogenic sulphate
aerosols, which have a cooling effect on the climate. What is hap-
pening now is that the much greater effect of increasing green-
house gas concentrations is overtaking that small cooling effect of
sulphate aerosols, also an anthropogenic influence, but not the one
that is going to take us to doubled levels of CO, in the next cen-
tury.

One quick other comment, if I could. Lonnie Thompson’s work,
which is some of the best work in our field, it is not like he has
been looking for ice cores that are melting. He is actually looking
for ice cores that are not melting because he wants to get long
records. So if there is any belief that there might be some bias in
the glaciers that he has gone to, if anything it is the opposite. He
is looking for long records, so that makes it that much more im-
pressive that they are all melting.

Senator CARPER. Thank you.

Senator INHOFE. Senator Allard.

Senator ALLARD. Thank you, Mr. Chairman.

What agency do you think we probably have the most expertise
in as far as climatology change and what is happening with global
climate? Would that be the agency on the National Oceanographic
and Atmospheric Science, would that probably be where we would
have most of our experts? If not, which agency do you think we
would have most of our experts as far as the government is con-
cerned? To any member of the panel, I would like to know whether
any of you concur or not.

Dr. MANN. Well, I think that the different agencies specialize in
different areas of the climate change research question, if you will.
NOAA'’s specialty is in looking at climate variability, particularly
with regard to oceanic variability. So they emphasize that area of
the research. A lot of the peer-reviewed research, for example Lon-
nie Thompson’s work that we just spoke of, is funded by the Na-
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tional Science Foundation in large part. There are other organiza-
tions.

Senator ALLARD. The Foundation, is that an agency of the Fed-
eral Government?

Dr. MANN. Well, not directly.

Senator ALLARD. The question is, what is an agency of the Fed-
eral Government? The only one that I could think of was NOAA,
but are there other agencies?

Dr. LEGATES. NASA does a lot of research, satellite-related ef-
forts trying to estimate climate trends, incorporating satellite
measurements as well.

Dr. MANN. As well as the Department of Energy and EPA.

Senator ALLARD. Yes, the Department of Energy.

Dr. LEGATES. The Department of Interior as well.

Senator ALLARD. OK. But we do not have any, say, each agency
would have their own area of interest, but it seems to me that we
need to look at global warming from a total perspective and I am
trying to figure out if there is an agency that does that. I have
talked to people within NOAA. There are arguments going on with-
in that agency on the very topic that we are talking about here.
There is absolutely no consensus within the agency, and I am try-
ing to figure out if there is an agency out here that is taking on
an overall view. I guess really there is not. We are just going to
have to rely on the science community somehow or the other pull-
ing all these views out from these various agencies. They look at
the atmosphere, like you say, NASA looks at the stratosphere and
higher up where your satellites are.

Dr. LEGATES. On the surface, too.

Senator ALLARD. We need somebody that looks at the effect on
plant life, animal life, the total cycle; oxygen, CO, and all that be-
fore you reach conclusions. I am just wondering who pulls all this
together so that we can come up with a total picture of what is
happening as far as changes to this Earth is concerned, because it
is more than just one science.

Dr. Mann.

Dr. MANN. There is a program, the U.S. Global Change Research
Program, which seeks to coordinate the various agencies on issues
of fundamental importance in the research of climate variability
and climate change. So I think that is their role.

Senator ALLARD. OK. I want to get back a little bit to the absorp-
tion of sunlight, for example, on the Earth’s surface. It seems to
me, and I don’t know how accurate this is. I want to check this out
because it has been suggested to me by a number of people, that
our absorptive surface on the Earth has increased. We still have
the same amount of surface, but for example you have pavement
in urban areas. We know that pavement is absorptive. Has that
had an impact on global warming?

Dr. MANN. Most definitely.

Senator ALLARD. In your view?

Dr. MANN. Yes, your statement is correct. The main increase in
the absorption by the Earth’s surface is due to the melting of snow
and ice. That has certainly had a very large influence on the warm-
ing, but it is part of the warming.
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Senator ALLARD. So you do not think the construction of—we
have more pavement than we did two centuries ago or a century
ago.

Dr. MANN. Most models suggest that that is a cooling.

Senator ALLARD. Is there enough of that that we have more
fields probably because of agriculture throughout the world, just
not the United States. This is all over the world.

Dr. MANN. Yes. Most estimates suggest that there is a small cool-
ing of the Earth’s surface due to those changes.

Senator ALLARD. Would you all agree to that?

Dr. LEGATES. The pavements are associated with the urbaniza-
tion effect, which is part of the problem associated with where we
have observational measurements. Generally where you have a de-
crease in the light and heat exchange that is evaporation of water
taking place because we have removed trees; the fact that you have
darker surfaces; you have canyon-like effects. All of these lead to
warmer temperatures in the city. The urban heat ion effect is well-
documented and that is where virtually all of our observations are
located.

But there are also changes in land surface effects by the fact that
we are removing vegetation and replacing it with grasslands, for
example, deforestation, de-vegetation. A lot of these are on very
large-scales too, and they do change the color and character of the
Earth’s surface and hence the absorptive characteristic.

A lot of the cryosphere, a lot of the ice and snow is temporally
variable. We have a growing area and decreasing area, so that does
integrate itself out over time to some extent.

Senator ALLARD. Does the absorptive surface of the Earth’s sur-
face have an impact on whether we have a warmer temperature or
not today?

Dr. LEGATES. Yes, absolutely.

Dr. SOON. Oh certainly, yes.

Senator ALLARD. I am a little bit confused of what the final view
is. Do we increase temperature or do we cool the temperature?

Dr. MANN. Can I comment?

Senator ALLARD. Yes. You said that it cooled.

Dr. MANN. Yes, the effects that——

Senator ALLARD. OK, now, I would like to hear from——

Dr. Mann [continuing]. That is not the whole story. What he said
is correct, but the effect that is dominant in models in about three
or four different studies published in the past 2 years on precisely
this question is actually the change in absorption by the land sur-
face due to deforestation and other agricultural changes. That leads
to an overall cooling of the globe, even in the face of other possible
effects of warming.

Senator ALLARD. Would you agree with that?

Dr. LEGATES. Not necessarily. In particular, you are changing a
characteristic, but you are also changing the other interactions.
You are changing the vegetation and you are changing the evapo-
rative characteristics.

Senator ALLARD. But your bottom line is that you think that,
with increased absorptive rate on the Earth’s surface, it has a cool-
ing or a warming effect?
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Dr. LEGATES. If you increase the absorption rate on the Earth’s
surface, you will have to have a net warming effect.

Dr. SOON. You have to have a warming.

Senator ALLARD. You have a warming.

I mean, to me this is a fairly fundamental concept, and here we
are, we have disagreement at this table about that.

Dr. SooN. I don’t think Dr. Mann is listening to your question.

Senator ALLARD. To me, from my practical experience, it seems
to me that there is a warming effect. When I walk out on a pave-
ment with my bare feet, they get burnt. If I walk on grass, my feet
feel a lot cooler. I just look at it from a practical aspect. So Dr.
Mann, would you explain to me why there is a difference in what
you say and what I am feeling physically when I walk on the sur-
face of the Earth?

Dr. MANN. Sure. When you are walking, you are only covering
a pretty small fraction of the surface area of the Earth. The effect
that you are talking about, for example, the urban heat island ef-
fect of blacktop and its tendency to absorb heat, that is over-
whelmed by larger-scale changes that we do not necessarily see be-
cause they are not where we are walking around. Large areas of
the surface area of the Earth are being changed in terms of their
vegetation characteristics. That has a net cooling. The answer on
that is clear in the peer-reviewed research.

Senator ALLARD. The reason I bring this up is that in the State
of Colorado we have a lot of variation. We go from 3,000 to over
14,000 feet and we have a lot of different ecological systems in Col-
orado, depending on altitude and moisture and everything.

We have a weather reporting station in a rural area, in the
plains of Colorado, and the data that I am getting from them, there
is no indication of change as far as temperature is concerned. Yet
as we move into the more urban areas, then we get weather sta-
tions that are indicating a higher temperature. So I am wondering
worldwide, with the urbanization of the world, is there a possibility
that we could be dealing with some temperature changes that are
a result of the absorptive surface on the Earth like urbanization,
you mentioned urbanization, we have a lot more than we used to
have. Doesn’t this have an impact on temperature?

Dr. LEGATES. Yes, definitely. Essentially, I do not think Dr.
Mann answered the question appropriately in that your basic ques-
tion was, if we absorb more radiation at the surface, will the tem-
perature not go up? That is correct. The temperature will go up.
In a sense, that is physics.

Senator ALLARD. Would you agree with that, Dr. Mann?

Dr. MANN. No. He has gotten about three different things wrong
here.

Senator ALLARD. No, listen.

Dr. MANN. His first statement is wrong.

Senator ALLARD. I understand your statement. You are taking a
broader atmospheric picture. You are taking a total picture. But
the statement he made at this point, would you agree with that?

Dr. MANN. No. It is not correct.

Senator ALLARD. You would not agree?
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Dr. MANN. The statement that he made was that there is an
urban heat bias in the estimate of the surface temperature changes
of the Earth.

Senator ALLARD. I did not hear him say that.

Dr. MANN. He said that earlier when he talked about urban heat
bias.

Senator ALLARD. I am talking about the comment that he just
made. Would you repeat the comment, Dr. Legates?

Dr. LEGATES. I essentially said the basic physics is that if you
make the Earth’s surface darker, you will absorb more energy, you
will reflect less energy, as a result the surface temperature should
increase.

Senator ALLARD. Would you agree with that scientific fact?

Dr. MaNN. That statement would be in the first chapter of most
textbooks. Yes.

Senator ALLARD. Dr. Soon, I did not mean to ignore you. You
wanted to say something?

Dr. SooN. I tried to just emphasize that that is all you are ask-
ing.

Senator ALLARD. Yes.

Dr. SOoON. If you increase absorptivity of the surfaces by chang-
ing it through any means, then more heat will be retained.

Senator ALLARD. I think part of the problem that we are running
into here on the testimony is that we are not talking on the same
terms. I think that we have to be very careful when we review the
record and when we are listening to the witnesses here, Mr. Chair-
man, that we understand that we are all talking on the same terms
in making the same point. I think the committee gets confused
when we start talking from different terms and different perspec-
tives.

I am just trying to simplify this argument down. I guess what
I am coming to is that, as I have stated earlier, it is easy for me
to believe that there is a trend in warming. The bottom line is
what is causing it and what is going to be the long-term effects
with this.

To me, the science is not entirely clear on that, and I do not see
that that is being entirely clear on this panel because when I asked
that question earlier, nobody gave me a specific on what they saw
the effects were going to be. Maybe Dr. Mann did, and said that
there was going to be warming. But most scientists when I talk to
them just won’t give me what they think the Earth is going to look
like 1,000 years from now, or they will not necessarily step right
out and say what are the causes of it because there are an awful
lot of variables. I am not sure that scientists understand all those
variables.

Dr. LEGATES. I think that is the issue. It is so uncertain and
there are so many things that go into the mix, that to say fairly
definitively it will be such in the future is very difficult to say.

Dr. SoON. We have to keep emphasizing that CO; is not the only
player, the only factor. It is just highly short-sighted to just look
at CO; as just one sole cause of change for every other change that
we see or any variations that we manage to record.

Senator ALLARD. Yes. And when we talk about greenhouse gases,
I think there is a tendency for us to think just in terms of CO..
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Dr. SOON. Right.

Senator ALLARD. But isn’t water vapor? Water vapor is a big part
of greenhouse gases.

Dr. SooN. That would be the area of expertise by Professor David
Legates. He studied that for almost 20 years.

Senator ALLARD. I do not know as we understand all of the as-
pects of each one of those fractionated, if we were to pull out each
CO, or put out water vapor. What other gases do we have out
there? Those are the main ones.

]?11:) MANN. The other two have commented. May I comment as
well?

Senator ALLARD. Let me finish my point. What are the green-
house gases that we have?

Dr. MANN. I will speak to that.

Dr. SOoN. Methane.

Senator ALLARD. Oh, methane. OK. We have methane. But the
main ones are water vapor and CO,. Water vapor being the largest,
right?

Dr. SOON. Yes.

Dr. MANN. Can I comment on that?

Senator ALLARD. Dr. Mann.

Dr. MANN. Yes. There are trace gases like methane, carbon diox-
ide, chlorofluorocarbons, which we can actually control.

Senator ALLARD. Well, carbon dioxide is a very small part of
greenhouse gases? Is that what you are saying?

Dr. MANN. No. There are several different greenhouse gases that
we have to keep in mind, and it would be short-sighted to only talk
about carbon dioxide. That is absolutely true.

Senator ALLARD. Right.

Dr. MANN. It is extremely misleading, however, when scientists
cite the role of water vapor as a greenhouse gas. The concentration
of water vapor in the atmosphere cannot be controlled by us di-
rectly, unlike the other trace gases. It is fixed by the surface tem-
perature of the Earth itself. This is actually another chapter one
textbook-type of result that we know to be true in the scientific
community.

So we cannot change that freely. We can only change the other
trace gases. When we do change those, we warm the Earth. We
evaporate more water vapor and that gives us what we call a posi-
tive feedback that actually exaggerates the problem. But the water
vapor itself cannot be the source of the problem.

Dr. SooN. It is really also scientifically inaccurate to say that we
can really control CO,. The global carbon cycle—we do not under-
stand it well enough to really match or account for the CO, that
we emitted. How much of it is really going into the ocean? How
much of it has really gone into the forest? We do not have actually
a full control of those parameters, as Dr. Mann would like to state
on the record.

Senator ALLARD. Dr. Legates, do you have any comment?

Dr. LEGATES. Generally, the idea is that water vapor is the most
important greenhouse gas. Period. That is Chapter One of any in-
troductory text. The issue is, then, if we are associating with the
effects of carbon dioxide and methane, which by the way has actu-
ally started to decrease over time, what we have found out is that
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in particular we are dealing with with small matters where the
bigger issues are not controllable.

Again, the sun is the biggest game in town and it is not control-
lable. At least I do not know that we can turn off the sun or control
its output.

Senator ALLARD. OK. Senator Carper I think has a few ques-
tions.

Senator INHOFE. We have a serious problem here now, I am sorry
to say, and that is that we are 30 minutes past our first panel and
we are going to have to cut it off right now.

Senator ALLARD. OK, Mr. Chairman.

Senator INHOFE. I am very, very sorry. Thank you very much. I
appreciate the fact that you are here.

We would call our next panel up. I apologize to the next panel
bﬁcause of the length of the first panel, we will have to cut this one
short.

Dr. Leonard Levin is the program manager, Electric Power Re-
search Institute; Dr. Gary Myers, professor of neurology and pedi-
atrics, University of Rochester Medical Center; and Dr. Deborah
Rice, the toxicologist, Maine Department of Environmental Protec-
tion, Bureau of Remediation and Waste Management.

I would like to ask each of you to confine your opening comments
to 5 minutes, if you would. Your entire statement will be made a
part of the record. We would start, Dr. Levin, with you.

STATEMENT OF LEONARD LEVIN, PROGRAM MANAGER,
ELECTRIC POWER RESEARCH INSTITUTE

Dr. LEVIN. Thank you, Mr. Chairman, members of the com-
mittee.

I am Dr. Leonard Levin. I have come to discuss recent findings
on mercury in the human environment. I serve as technical leader
at EPRI, which is a nonprofit collaborative research organization.
My remarks today represent my synthesis of research findings and
are not an official statement of EPRI position.

It is a privilege to provide the committee this testimony on the
science of mercury. I would like to address three key questions:
sources of mercury; its deposition from the atmosphere to the
Earth’s surface; its potential accumulation in fish.

Where does mercury in the U.S. environment originate? Mercury
is clearly a global issue. Recent estimates are that 2,340 tons of in-
dustry-related mercury are emitted globally. Over half of these
originated from Asian sources. Of the global total, the United
States is estimated to emit roughly 166 tons in total; U.S. utilities
about 46 tons. In addition, it is estimated that another 1,300 tons
of mercury emanates from land-based natural sources around the
globe, and another 1,100 or so tons comes from the world’s oceans.

Recent findings from the joint United States and Canadian
METAALICUS field experiment show that a fairly small amount of
deposited mercury, no more than 20 percent or so, re-admits to the
atmosphere, even over a 2-year period. The implications are that
mercury may be less mobile in the environment than we previously
thought.

Studies by EPRI have shown that much of the mercury depos-
iting in the United States may originate on other continents. Model
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results show that for three-quarters of the continental U.S. land
area, more than 60 percent of the mercury received comes from
outside the country. Only 8 percent of U.S. territory receives two-
thirds or more of its mercury from U.S. sources.

To check this with data, aircraft measurements were carried out
by EPRI and the National Center for Atmospheric Research in
Boulder, Colorado. Mercury and winds from the Shanghai, China
region were tracked over the Pacific for 400 miles toward the
United States. A second set of flights from Monterey, CA found
that same plume from China crossing the California coast and en-
tering U.S. territory. One implication is that there may be a man-
agement floor for U.S. mercury, a level below which the amount of
mercury depositing to the surface cannot be reduced by domestic
action alone.

Second, what are the primary sources of mercury in fish in the
environment? Global mercury emissions appear to have peaked in
the 1980’s and declined or held steady since then. Professor Fran-
cois Morel of Princeton University, and colleagues, recently ana-
lyzed specific tuna for mercury, comparing recent catches with
those from the 1970’s. Despite changes in mercury emissions over
those 30 years, mercury levels in tuna did not change between the
samples. One conclusion they reached is that the mercury in such
marine fish is not coming from emission sources on land, but from
natural submarine sources of mercury. Again, this implies there
may be a management floor for mercury in marine fish, which
make up most of the U.S. fish diet.

Third, how can potential mercury reductions change mercury
deposition? EPRI recently completed work to assess what might
ensue in the atmosphere and in U.S. fish if further mercury emis-
sion reductions are carried out in the United States. The approach
linked models of atmospheric mercury chemistry and physics with
Federal data on mercury in fish in the U.S. diet, along with a
model of costs that would be needed to attain a given reduction
level. There are currently about 179 tons of mercury depositing
each year in the United States from all sources, global and domes-
tic. Current U.S. utility emissions of mercury are about 46 tons per
year.

EPRI examined one proposed management scenario that cut
these utility emissions from 46 tons to 25 tons per year. The anal-
ysis showed that this emissions cut of 47 percent resulted in an av-
erage 3 percent decline in mercury deposition in the United States.
Some isolated locations making up less than one one-hundredth of
the U.S. land area experienced drops of up to 30 percent. The eco-
nomic model showed that costs to attain these lower levels would
be between $2 billion and $5 billion per year for 12 years. This
demonstrated U.S. mercury patterns may be relatively insensitive
to the effects of this single category of sources.

In addition, most of the fish consumed in the United States are
ocean fish which would be only slightly impacted by a reduction of
24 tons of mercury per year solely in the United States, out of
2,300 tons globally. Wild freshwater fish within the United States
might show a greater reduction in mercury content, but they make
up a very small part of the U.S. diet, compared to ocean or farm-
raised fish.
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These deposition changes were translated into how much less
mercury might enter the U.S. diet via these three categories of fish.
We found that less than one-tenth of 1 percent fewer children
would be born at-risk due to their mother’s taking in mercury at
lower levels from fish consumed in the diet.

So to summarize, a drop of nearly half in utility mercury emis-
sions resulted in an average drop of 3 percent in mercury depos-
iting to the ground, and a drop of less than one-tenth of a percent
in the number of children at risk. These recent findings are a small
part of the massive international research effort to understand
mercury and its impacts. EPRI and others, including U.S. EPA and
the Department of Energy, are jointly racing to clarify the complex
interactions of mercury with natural systems, an important part of
its cycling, and its impacts on human health. With improved un-
derstanding, informed decisions can be made on the best ways to
manage mercury.

Thank you for this opportunity to deliver these comments to the
committee.

Senator INHOFE. Thank you, Dr. Levin.

Dr. Rice.

STATEMENT OF DEBORAH C. RICE, TOXICOLOGIST, BUREAU
OF REMEDIATION AND WASTE MANAGEMENT, MAINE DE-
PARTMENT OF ENVIRONMENTAL PROTECTION

Dr. RicE. I would like to thank the committee for this oppor-
tunity to present information on the adverse health consequences
of exposure to methyl-mercury in the United States.

I am a neurotoxicologist who has worked on the neurotoxicity of
methyl-mercury for over two decades and have published over 100
papers on the neurotoxicity of environmental chemicals. Until 3
months ago, I was a senior toxicologist at the Environmental Pro-
tection Agency. I am a coauthor of the document that reviewed the
scientific evidence on the health effects of methyl-mercury for EPA.
This document included the derivation of the acceptable daily in-
take level for methyl-mercury.

I would like to focus on four points. No. 1, there is unequivocal
evidence that methyl-mercury harms the developing human brain.
No. 2, EPA used analyses of three large studies in its derivation
of an acceptable daily intake, including the studies in the
Seychelles Islands which found no adverse effects. No. 3, 8 percent
of women of childbearing age have levels of methyl-mercury in
their bodies above this acceptable level, and studies have docu-
mented cardiovascular disease in men at low levels of methyl-mer-
cury, suggesting that an additional potentially large segment of the
population is at risk.

Studies performed around the world have documented harmful
effects of environmental methyl-mercury exposure on children’s
mental development. Three major studies were analyzed by the Na-
tional Research Council panel in their expert review: In the Faroe
Islands in the North Atlantic, and the Seychelles Islands in the In-
dian Ocean, and in New Zealand. Two of these major studies, as
well as six smaller studies, identified impairment associated with
methyl-mercury exposure. The Seychelles Island study is anoma-
lous in finding no effects. Adverse effects include decreased 1Q and
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deficits in memory, language processing, attention and fine motor
coordination.

The NRC modeled the relationship between the amount of meth-
yl-mercury in the mother’s body and the performance of the child,
and calculated the level associated with the doubling of the number
of children that would perform in the abnormally low range. The
NRC panel did this for each study separately and for all of the
three studies combined, including the negative Seychelles study.

EPA used the NRC analyses in deriving its acceptable daily in-
take level of methyl-mercury. EPA performed the relevant calcula-
tions based on each of the two positive studies, as well as the inte-
grative analysis of all three studies. The acceptable level is the
same whether it is based on the integrative analysis of all three
studies, or on the Faroe Islands study alone.

The acceptable level would be lower if only the New Zealand
study were considered. Only if the negative Seychelles study alone
were used, while ignoring the values calculated for the Faroe Is-
lands and New Zealand studies, would the acceptable intake level
be higher than the current value. EPA believed that to do so would
be scientifically unsound and would provide insufficient protection
to Americans.

Data from a survey representing the U.S. population collected
over the last 2 years revealed that about 8 percent of women of
childbearing age had blood concentration of methyl-mercury above
the level that EPA believes is safe. This translates into over
300,000 newborns at risk for adverse effects on intelligence and
memory, ability to pay attention, language skills and other abilities
that are required to be successful in our highly technological soci-
ety.

There is an additional concern regarding the potential for harm
as a result of environmental methyl-mercury exposure. Three stud-
ies found a relationship between increased methyl-mercury levels
and atherosclerosis, heart attacks and death, and it is unknown
whether there is a level of mercury that will not produce harm. It
is important to understand that the cardiovascular effects associ-
ated with methyl-mercury may put an additional very large portion
of the population at risk.

In summary, there are four points that I would like the com-
mittee to keep in mind. First, at least eight studies based on popu-
lations around the globe found an association between methyl-mer-
cury levels and impaired neuropsychological function in children.
The Seychelles Islands study is anomalous in finding no effects.
Second, both the NRC and the EPA included the Seychelles Islands
study in their analysis. The only way that the acceptable intake of
methyl-mercury could be higher would be to ignore the two major
positive studies, as well as six smaller studies and rely solely on
the one study that showed no effects.

Third, there is a substantial percentage of women of reproductive
age in the United States with levels of methyl-mercury in their
bodies above what EPA considers safe. As a result, over 300,000
newborns each year are exposed to potentially harmful levels of
methyl-mercury. Fourth, increased exposure to methyl-mercury
may result in cardiovascular disease and even death in men from
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heart attack, suggesting an additional large segment of the popu-
lation is at risk.

Additional information has been provided to the committee.
Thank you for your time and attention.

Senator INHOFE. Thank you, Dr. Rice.

Dr. Myers.

STATEMENT OF GARY MYERS, PROFESSOR OF NEUROLOGY
AND PEDIATRICS, DEPARTMENT OF NEUROLOGY, UNIVER-
SITY OF ROCHESTER MEDICAL CENTER

Dr. MYERS. Thank you for the opportunity to present the views
of our research group on the health effects of methyl-mercury expo-
sure. My name is Gary Myers. I am a pediatric neurologist and a
professor at the University of Rochester in New York, and just one
member of a large international team that has been studying the
human health effects of methyl-mercury for nearly 30 years. For 20
of those years, our group has specifically studied the effects of pre-
natal methyl-mercury exposure.

In 1971 and 1972, there was an epidemic of methyl-mercury poi-
soning in Iraq. The source of exposure, unlike in Japan, was mater-
nal consumption of sea grain coated with a methyl-mercury fun-
gicide. We looked at a number of children in that study and meas-
ured the exposure of the fetus using the maternal hair as the bio-
marker. It is the only biomarker that has been correlated with
brain levels. We concluded that there was a possibility that expo-
sure as low as 10 parts per million in maternal hair might be asso-
ciated with adverse effects on the fetus. This value is over 10 times
the average in the United States and five times the average in
Japan, but individuals consuming large quantities of fish can easily
achieve this level.

The hypothesis of our study in the Seychelles was that methyl-
mercury from fish consumption might affect child development. In
fact, we all thought it would. Since millions of people around the
world consume fish as their primary source of protein, we thought
it was only reasonable to investigate the question directly. We se-
lected the Seychelles because of two reasons. First, they eat large
amounts of fish. The average mother eats 10 times as much as
women here in the United States.

Second, the fish in Seychelles has an average mercury content of
about 0.3 parts per million, which is approximately the same as
commercial fish here in the United States. The Seychelles study is
a collaborative study which was begun under the auspices of the
WHO and has been carried out by a U.S.-led team of international
researchers from the University of Rochester, Cornell University
and the Ministries of Health and Education in Seychelles. The
funding has come from the National Institutes of Environmental
Health Sciences, with some minor funding from the Food and Drug
Administration and the governments of Seychelles and Sweden.

The Seychelles was chosen for a number of reasons, primarily be-
cause there was no overt mercury pollution and many of the factors
that complicate epidemiological studies of low-level exposures were
simply not present. There was universal free and readily available
health care in Seychelles. Prenatal care is nearly 100 percent. The
birthrate is high and the general health of the mothers and chil-
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dren is very good. In addition, education is free, universal, and it
starts at age 3%.

Before starting the study, we carefully controlled for a number
of things. To minimize the possibility of bias, a number of decisions
were made. First, no one in Seychelles, including any of the re-
searchers who visit the island, would know the level of exposure of
any child or mother unless our results indicated that children were
indeed at risk. Second, because of the known problems with devel-
opmental delay in certain disorders, those children would be ex-
cluded from the study. Third, the tests administered would include
all of the tests that have been used in other studies, plus other
things that we thought might detect subtle changes.

Fourth, we would do this testing at specific age windows. Fifth,
we would adjust for multiple confounding factors, things that are
actually known to affect child development such as socioeconomic
status, the mother’s intelligence, and birth weight. And sixth, we
established a data analysis plan before the data were collected to
minimize the possibility that the data would just be repeatedly
analyzed until the anticipated effect was in fact determined.

We have now carried out five evaluations of the children over 9
years. The study has focused on prenatal exposure. The exposure
of both mothers and children has been in the range of concern,
from 1 to 27 parts per million. We have done extensive testing with
over 57 primary endpoints determined so far. The study has found
three statistical associations with prenatal methyl-mercury expo-
sure. One was adverse; one was beneficial; and one was indetermi-
nate. These results might be expected to occur by chance and do
not support the hypothesis that adverse developmental effects re-
sult from prenatal methyl-mercury exposure in the range com-
monly achieved by consuming large amounts of fish.

The findings from our research have been published in the
world’s leading medical journals, including the Journal of the
American Medical Association, the Lancet, and a soon-to-be-pub-
lished review in the New England Journal of Medicine. We do not
believe that there is presently good scientific evidence that mod-
erate fish consumption is harmful to the fetus. In the words of Dr.
Lyketsos, a distinguished researcher from Johns Hopkins, who
wrote the editorial with our Lancet articles:

“On balance, the evidence suggests that methyl-mercury exposure from fish
consumption during pregnancy of the levels seen in most parts of the world does
not have measurable cognitive or behavioral effects in later childhood. However,
fish is an important source of protein in many countries and large numbers of

mothers around the world rely on fish for proper nutrition. Good maternal nu-
trition is essential to the baby’s health.”

Thank you.

Senator INHOFE. Thank you, Dr. Myers.

We are going to try to adhere to a 5-minute round of questioning.
Let me just share with you, which I think you already know, you
folks are looking at the medical effects of mercury. We also up here
have to consider the economic effects—the problems that are out
there. Right now on the Senate floor, they are debating the energy
bill. We have an energy crisis in this country, and if cofire should
go out, and that could happen from either CO, or mercury, it would
be a very serious crisis. I think anticipating that this will happen,
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several people have moved off-shore, moved to other places. So that
is something that is really, I guess you would say our major, at
least one of my major concerns.

Now, just for all of the witnesses, you stated that the U.S. utility
mercury emissions are 46 tons a year. Tell us what happens to this
mercury. Help us visualize where does it come from; where does it
g0; how much is deposited in the United States; how does this com-
pare with the amount that is deposited in the United States from
global sources.

Would you like to start, Dr. Rice?

Dr. RiCE. That is really not my area of expertise, so I cannot
speak to it.

Senator INHOFE. All right.

Dr. Myers.

Dr. MYERS. It is not my area of expertise.

Senator INHOFE. Come on, Dr. Levin.

Dr. LEVIN. All right.

[Laughter.]

Dr. LEvVIN. Utility mercury of the various sources of mercury is
probably the best-studied category, partially because there are
more individual sources than there are of many of the other cat-
egories. We believe that roughly half on average coming out from
utilities is made up of the divalent form of mercury, which is about
a million times or so more soluble in water than the elemental
form, which is the silvery liquid that you probably remember from
high school chemistry. So of this mercury emitting from all utilities
in the United States, roughly half of it is more highly water soluble
and the other half will tend to go into regional and global circula-
tion.

We calculate that about 70 percent or so of the mercury emitted
from utilities leaves the United States, and the other 30 percent or
so deposits within the United States across the country. These are
somewhat similar to the numbers that EPA is deriving as well.
Some of this mercury that deposits to the surface will wind up in
receiving waters, and a very small fraction of it, probably less than
1 percent, will eventually be turned into the organic form by bac-
terial action. It is that organic form that has the potential to reach
humans through accumulation in some fish.

Again this does not happen in all waterways and with all fish
species. It tends to happen in waterways that have full food webs
that go to high-level fish that grow quite large, and it is larger,
older fish that tend to accumulate more mercury.

Of the exposure in the community in the United States, almost
all of it is through intake from fish and the mercury in those fish,
although the levels taken in can vary from very little or almost
none, to amounts of concern. There is almost no exposure by inha-
lation. That is a very small part of the exposure.

So our concern is to follow this mercury from its sources through
to where it winds up in fish and eventually may be consumed by
humans. That is the trick, scientifically.

Senator INHOFE. Thank you, Dr. Levin.

Dr. Rice, the American Heart Association and the World Health
Organization recommend that fish should be a part of everyone’s
diet, concluding that the benefits of eating fish outweigh the risks
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of adverse effects, which as you state in your testimony are poten-
tial risks. Since eating fish offers substantial health benefits,
shouldn’t the EPA’s referenced dose be revised to take this into ac-
count, or does it?

Dr. Rice. Well, I agree totally, and I have to say that I am no
longer with EPA so I am not speaking as a representative of the
agency. I need to make that clear. So some of these opinions will
be those of the agency when I left, and some will be mine.

But the scientific community at large and the EPA and me per-
sonally recognize that fish is a good source of protein. It also con-
fers cardio-protective effects. There are also omega-three fatty acids
in fish that are essential when the fetus is building its brain. There
is new evidence that eating fish also may be beneficial to the men-
tal development or the mental function of the elderly. I suspect
that it is probably important for all of us.

So the dichotomy is not eat fish/don’t eat fish. The important
thing to be able to do is to come out with some recommendations
to the community that allow people to eat fish, but not to eat fish
that has increased levels of methyl-mercury. So EPA thinks that,
I was part of that EPA panel, so when I was part of that EPA
panel we firmly believe that the RFD should not be any higher,
and in the light of some evidence that we were not able to analyze
at the time, might even should be lower than it is presently.

So it is not a question of increasing the reference dose. It is a
question of making sure that the American public can eat fish that
does not have undue levels of methyl-mercury in them.

Senator INHOFE. Thank you very much.

Dr. Myers, in selecting the Seychelles as a location for your re-
search, what other locations did you consider other than the
Seychelles Islands?

Dr. MYERS. We started studies on the coast of South America
and looked also at the Maldive Islands as another possibility.

Senator INHOFE. Yes. I kind of wanted to get to the Faroe Is-
lands. Did you consider them for your research?

Dr. MYERS. We did not consider the Faroes in our research.

Senator INHOFE. It is my understanding that, and for those of us
who are not scientists here, that some of the problems, let’s take
the Faroe Islands and see if I have this right, that there is an inor-
dinate amount of whale meat that is consumed there and there are
PCBs in there. I do not know whether you can distinguish between
the harm of one or the other, but is this a factor that should be
considered?

It is my understanding, and I won’t say this right, but there are
different levels of mercury that are found. One is from the primary
fish, and the other is from whales that eat other fish, so it has a
multiplying effect. Is this taken into consideration?

Dr. RICE. The Faroe Islands study and the Seychelles Islands to-
gether have been reviewed by at least two very distinguished peer-
review panels. That issue, the issue of the pattern of intake of
methyl-mercury and potential co-exposure for PCBs has been dis-
cussed extensively by the scientific community.

The Faroe Islands’ population does eat whale meat. They may
eat a large whale dinner occasionally. They also tend to dry the
whale meat, and so they snack on it in addition to eating a so-



48

called bolus dose, what we call a bolus dose. So they have a low
level of methyl-mercury intake which may be occasionally punc-
tuated with a higher intake level. The source of methyl-mercury
does not matter, whether it is through fish or through whale. So
the fact that it is whale meat per se is not really relevant.

None of the panels, including the National Research Council
panel, could come to any kind of conclusion about the importance
of the pattern of intake, because the data just are not available.
There just are not scientific data that speak directly to that. But
what the Faroe Islands investigators have done because this was
raised as a concern and because they have hair, and they had hair
from their population that was stored, they were able to go back
and do segmental analysis, so that you cut the hair up into tiny
little pieces and look at mercury levels across the length of the
hair.

What they did was they eliminated the mothers that had the
most variable hair levels that might suggest that there was this
bolus exposure of these particular women and these particular
fetuses. What they found was that the effect was actually stronger
when they eliminated these women, which makes a certain amount
of sense because you are decreasing variability when you do that.

Senator INHOFE. Thank you, Dr. Rice.

Senator Jeffords.

Senator JEFFORDS. Thank you all for your testimony on this very
important and timely topic.

Some of you have seen this morning’s New York Times full-page
article on mercury and its health effects. This helps to set a context
for our discussion.

Dr. Rice, what exactly is a reference dose level and what does it
mean in terms of the so-called safe levels of fish consumption? Does
EPA reference dose level include a built-in tenfold safety threshold?

Dr. RICE. The reference dose is designed to be a daily intake
level that a person could consume over the course of their lifetime
without deleterious effects. So it is designed to be the amount of
mercury you could eat every day in your life and not harm yourself.

Now, when EPA did its calculation, it is important to understand
that when the National Academy of Sciences modeled a number of
endpoints for each of the studies, and those were the Faroe Islands
study, the New Zealand Study, both of which found effects, as well
as the Seychelles study which did not, they identified not a no-ef-
fect level. They identified a very specific effect level. That effect
level is associated with a doubling of the number of children that
would perform in the abnormal range, in other words, the lowest
5 percent of the population. So this is in no way a no-effect level.

To that, the EPA applied a tenfold so-called uncertainty factor.
The point of that was to take into account things that we did not
know, data that we did not have, as well as the pharmacodynamic
and the pharmacokinetic variability. Now, there were actually data
that was again modeled by the NAS and reviewed by the NAS, that
says that the pharmacokinetic variability, in other words the wom-
an’s ability to get rid of methyl-mercury from her body, differs by
a factor of three. So that already takes up half of the uncertainty
factor.
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But in addition to that, it is important to understand that when
the Faroe Islands folks analyzed their data, they eliminated moth-
ers with mercury levels above 10 ppm in their hair, which was
really right about at the effect level that the NAS identified. The
effects were just about as strong even below 10 ppms. So again,
that is very strong evidence that there is not a factor of 10 safety.

In addition to that, when the NAS modeled their data, it turned
out that both of the New Zealand study and the Faroe Islands
study not only was there no evidence that there was a threshold,
in other words a level below which there were no effects, but in fact
the curve was actually steeper at the lower levels. The NAS used
a straight line when they modeled the data because they were un-
comfortable about using curves that were steeper at the lower end
than they were at the higher end, but subsequent to that there
have been studies come out with regard to lead exposure, for exam-
ple. There are now several studies where that has also been found
for lead exposure.

So this may in fact be a very real effect. So not only is there not
ausafety factor of 10. There might be virtually no safety factor at
all.

In addition to that, something that EPA recognized at the time,
but we were not able to quantitate because we did not have the
data, but it has now been quantitated, we assumed that the rela-
tionship between the mother’s blood level of methyl-mercury and
the fetus’ blood level of methyl-mercury were the same, because of
course we have the body burden; we have cord blood in the fetus,
we have to get back to intake by the mother. We know now that
in fact the ratio is more like 1.7, and for some mothers it is as
much as over 3.

So if we were to recalculate the reference dose just based on this
new information, it would decrease from 0.1 to 0.06.

Senator JEFFORDS. Dr. Rice and Dr. Myers, would you rec-
ommend that Members of Congress and regulatory agencies base
their decisions on whether and how much to reduce human-made
mercury emissions on the findings from any one study?

Dr. MYERS. Our group has been involved in the science of study-
ing whether you could find effects at low levels, and we have not
been involved in policy. There is a general scientific principle, I
think it is important to look at multiple different studies. However,
these studies are complicated and one has to look at what kind of
studies you are dealing with. Some are simply descriptive. They
take a group of people and describe something. It is a basic epide-
miological principle that you cannot assign causation from a de-
scriptive study.

So one has to look at the studies that are larger and follow chil-
dren over time, and control for a lot of confounding factors which
complicate these type of studies very much actually. The Seychelles
study in fact is not a negative study, as has been stated. We did,
in fact, find associations with things that are known to affect child
development, such as socioeconomic status, maternal intelligence,
the home environment and other things. What we did not find was
an adverse association with prenatal methyl-mercury exposure in
the Seychelles.

Senator JEFFORDS. Dr. Rice.
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Dr. RiCE. I agree with Dr. Myers. These studies are very com-
plex. I think that that is even more reason not to rely on one study
while eliminating other studies for consideration.

Again, these studies have been peer-reviewed numerous times.
The Seychelles Islands study and the Faroe Islands study have
been reviewed now by several panels. They are both thought to be
very high quality, very well-designed and well-executed studies.

The NAS, as well as the previous panel, talked at great length
about what might account for the differences between these stud-
ies. We really do not know what accounts for the differences be-
tween these studies. The NAS modeled three studies. The New
Zealand study was also a positive study.

The National Academy of Sciences and the EPA agreed with
them that it was not scientifically justifiable for protection of the
health of the American public to rely on the negative study and ex-
clude the two positive studies. I said at least a couple of times in
my testimony that what the NAS did to try to address that was
to do an integrative analysis that included all three studies, includ-
ing the Seychelles Islands study, and modeled it statistically.

When EPA then took those analyses and derived, what we did
was we derived a series of reference doses, kind of sample reference
doses, that were based on a number of endpoints from both the
New Zealand study and the Faroe study, as well as the integrative
analysis of all three studies. The integrative analysis of all three
studies also yields a reference dose of 0.1. So that made me person-
ally very comfortable that we were doing the right thing scientif-
ically in our derivation of the reference dose.

Senator INHOFE. These are supposed to be 5-minute rounds and
it has been 8 minutes, so we will recognize Senator Allard.

Senator ALLARD. Dr. Rice and Dr. Myers, you have in your com-
ments talked about methyl-mercury as being the toxic compound as
far as human health is concerned. Are there other mercurial com-
pounds that are toxic to humans?

Dr. RICE. Yes. All forms of mercury are toxic to humans.

Senator ALLARD. Including the elemental form?

Dr. RICE. Yes.

Senator ALLARD. OK.

Dr. RICE. But in terms of environmental exposure, it is really the
methyl-mercury form that we are worried about because that is the
form that gets into the food chain and is concentrated and accumu-
lated up the food chain. That is what people actually end up being
exposed to.

Senator ALLARD. OK. Thanks for clarifying that. I appreciate
that. So this gets into the environment and consequently in the fish
or food chain or whatever. Is the starting point always bacteria op-
erating on the elemental form of mercury? Or is it these various
compounds that bacteria operate on and then end up being assimi-
lated into the food chain? How does that happen?

Dr. RICE. In most circumstances, it is the inorganic form, not the
elemental mercury, but the inorganic form that is available to be
taken up by various microorganisms.

Senator ALLARD. How do we get to that organic form, the methyl-
mercury? How do we get there?
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Dr. RICE. The microorganisms actually put a methyl group on as
part of their metabolic processes.

Senator ALLARD. Do they get that from elementary mercury? Is
that the origin, or is it various compounds of mercury?

Dr. RICE. Yes, it is just straight mercury. Now, in the Japanese
outbreak, it was actually methyl-mercury that was put into the
water, but that is a relatively unusual situation.

Senator ALLARD. I see. OK, so my understanding, Dr. Levin, is
that a lot of the mercury that is introduced into the environment
of this country does not originate within the borders of this coun-
try. Is that correct? The suggestion is that a lot of the sources of
mercury that come across that we may pick up in the soil is actu-
ally carried over by wind and what not from the Asian countries.
Is that correct?

Dr. LEVIN. That is correct, Senator, as far as the modeling shows,
and that is consistent with work that EPRI has done, EPA and oth-
ers have also done in the modeling.

Senator ALLARD. Is this the elemental mercury that is being
brought over?

Dr. LEVIN. It is elemental, or the elemental form. It is also the
inorganic form or the form that can be combined into salts.

Senator ALLARD. Now, the inorganic form is not processed into
the food chain? Did I understand that correctly?

hDr. LEVIN. It is the inorganic form that is processed into the food
chain.

Senator ALLARD. Yes, it is the organic form.

Dr. LEvVIN. The two forms that are emitted from combustion
Sﬁurces are the elemental form, the chemicals found on the periodic
chart.

Senator ALLARD. Right.

Dr. LEVIN. And the inorganic form, which combines with, for ex-
ample, chlorine, to form the pure chloride, or is the form also found
in minerals. Those two forms that wind up in the proper aquatic
environments, it is the inorganic form that may be methylated and
turned into the organic form.

Senator ALLARD. Right.

Dr. LEVIN. But it has to go from elemental to inorganic before
the methylation can occur.

Senator ALLARD. But my question is, is that the type of mercury
that is being brought in from Asia, what form of mercury is that?

Dr. LEVIN. Because of its long-range transport, it is primarily the
elemental form, but the atmospheric chemistry of mercury changes
that progressively into the inorganic form, which is the form that
readily deploys.

Senator ALLARD. Now, can the inorganic form be transferred into
methyl-mercury?

Dr. LEVIN. Yes, sir. That is the form.

Senator ALLARD. So all those type of compounds get acted on by
bacteria and then that is how that gets into the food chain.

Dr. RiCE. The elemental form and the inorganic form are con-
verted back and forth.

Senator ALLARD. I see.

Dr. RICE. So it does not make any difference whether it reaches
the North American shores as elemental mercury or inorganic mer-
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cury. Once it is deposited into the soil or the river, it is going to
become inorganic mercury that then becomes available to be able
to be turned into methyl-mercury.

Senator ALLARD. OK, thank you.

Now, here is the question, and I would like to have all of you re-
spond to this. In your opinion, would a decrease in U.S. anthropo-
genic mercury emissions have an effect on global mercury levels?
And part of the rest of the question is, apparently there is a high
percentage of mercury present in the United States from outside
our borders, so what effects can we expect from a decrease in our
emissions? We have a couple of questions there and I would like
to have all of you respond to those if you would.

Dr. RICE. There is no question that there is a global cycling of
mercury. A lot of the mercury in the United States comes in from
someplace else, comes in from the West, but some of it may have
in fact originated in the United States originally. This stuff really
does circle the globe. So just because it is coming in from the West
does not mean it wasn’t ours to start with.

Senator ALLARD. We do not know how much starts here.

Dr. RICE. No, we do not, and I am not a modeler so I really can-
not speak to that. But what I do know is that there is local deposi-
tion. In other words, the mercury that is released from power
plants in the Midwest ends up downwind. I just moved to Maine,
and Maine is the so-called tailpipe for that local deposition, for that
local emission. There is a percentage of it, and Dr. Levin can tell
you what the percentage is better than I can, that is locally depos-
ited. I think it is something like 30 percent.

Getting rid of those local sources would certainly at least help
the Northeastern United States. Originally, the modeling, it was
thought that this would take a long, long time. There are newer
data now where small studies have actually been done that suggest
that it might not be as grim as we originally thought; that these
local changes can take place in a relatively shorter time, over the
course of several years, rather than decades and decades as we
originally may have feared.

Senator ALLARD. Dr. Myers, do you have a comment on that?

Dr. MYERS. It is outside of my area of expertise.

Senator ALLARD. Dr. Levin.

Dr. LEVIN. Dr. Rice is primarily correct on that. The deposition
within the United States makes up about 30 percent of U.S. emis-
sions. The rest of the emission go globally. Our modeling consid-
ered the fate of U.S. emissions and accounted for the amount that
basically circles the globe and comes down after one trip around
the world.

It is also correct that there is local deposition that in some cases
may be significant near particular groupings of sources. I indicated
that in my testimony, that although the average change in deposi-
tion for the scenario was 3 percent, there were some small areas
where it was as much as 10 times that on a percentage basis.

So it calls for more detailed studies and particularly more look-
ing at the science of tracking mercury found in fish back to its
sources scientifically, that is, figuring out where it came from.

Senator ALLARD. Thank you, Mr. Chairman. I believe my time
has expired.
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Senator INHOFE. Yes, thank you.

Senator Carper.

Senator CARPER. Thank you, Mr. Chairman.

To our witnesses, again thank you for joining us. Thank you for
your patience in bearing with us.

Dr. Rice, did I understand you to say you have concluded two
decades of work at EPA?

Dr. Rice. Well actually most of it was not at EPA. I was at
Health Canada for 22 years. I am American, but I graduated from
the University of Rochester, got my Ph.D. from the University of
Rochester so I have known Dr. Myers for many years. Then I went
up there to work at Health Canada.

Senator CARPER. I see. Thank you for your service at EPA, and
thank you all for real interesting testimony today.

Sometimes these are fairly technical issues. What is helpful for
me as I listen to the comments of each of your testimonies and your
responses to our questions is to look for threads of consensus; not
to focus so much on where you disagree, but to find some areas
where you agree. I would just ask each of you to take a minute or
two and just to talk about some of the areas where you think you
agree, and which might be helpful to us as we wrestle with wheth-
er to craft legislation, enact legislation along the lines that Senator
Jeffords has introduced, I have introduced, or the President has
proposed.

Can you help me with that? Dr. Levin, why don’t you go first.

Dr. LEVIN. Thank you, Senator. We agree that mercury is a high-
ly toxic compound. Its presence in the U.S. diet may in some in-
stances cause concerns for development of children neurologically.
We agree that there may be other effects that have to be looked
for in terms of the health effects.

We also agree that the science of mercury is still emerging; that
the linkage between health effects in particular areas, or for that
matter in entire regions of the United States, and the sources of
mercury is a critical question that would shape a wise course to-
ward management decisionmaking. The work that I have been de-
scribing today is a step in doing that. The work that has been de-
scribed by the other two witnesses today on health effects is a crit-
ical part of that linkage.

Bringing this source-receptor issue together with the health ef-
fects on a specific geographic basis and among specific populations
within the United States is a key part in answering the manage-
ment questions.

Senator CARPER. Thank you.

Dr. Myers, would you take a shot at my question please?

Dr. MYERS. I think we all agree that mercury is poisonous, every
form. In high enough amounts, it is not only damaging to human
health, but fatal generally. We all agree that it is worthwhile
cleaning up the environment, I think. The question resolves at
what level and at what cost. I think we all agree that these studies
are extremely difficult to carry out and they are equally difficult to
interpret because there are so many details to them. So it is so
easy to end up with a bias either knowingly or unknowingly, gen-
erally I think unknowingly, that the interpretation of the details
becomes incredibly important in these studies.
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Senator CARPER. Thank you.

Dr. Rice.

Dr. RICE. I agree that we all know that methyl-mercury is toxic
at high levels. There is absolutely no question about that. I agree
with Dr. Myers that it is incredibly difficult to interpret these stud-
ies very often. They are very complex studies. There are a lot of
variables, many of which we do not know. Epidemiology is an ex-
tremely blunt instrument. So that is why I think that it is impor-
tant to look at the weight of evidence. There are a number of stud-
ies in humans that have documented effects of methyl-mercury at
relatively low body burdens. In addition to that, there is a huge
animal literature documenting effects and looking at the mecha-
nisms of effects.

We do not know why one study may be positive, whereas another
mﬁty1 be negative. So we really have to go with the evidence as a
whole.

Senator CARPER. And maybe cite your most serious area of dis-
agreement among you as panelists.

Dr. LEVIN. I would say disagreement probably rests in the ques-
tion of the direction of research overall on the mercury issue, and
how far that should continue.

Senator CARPER. Dr. Myers.

Dr. MYERS. I think the most serious area of disagreement is in
the interpretation of the studies. We think that the Faroe Islands
research is outstanding research. They have done a wonderful job.
They have a great design. We are just not sure that they have been
able to tease out from the mixture of chemicals present in whales
a methyl-mercury component to it. That requires a lot of faith in
their statistics and the details of the studies.

In the case of the New Zealand study, most people discounted the
New Zealand study for many years. It was only when it was reana-
lyzed in the late 1990’s that people began to start thinking of it in
other terms. So I think our biggest disagreement is in the interpre-
tation of it.

In addition, I think the weight of hundreds of small poorly done
studies in difficult places such as the Amazon would never out-
weigh a really good study done looking at fish consumption.

Senator CARPER. Dr. Rice.

Dr. RICE. I guess everything that Gary Myers just said is my big-
gest point of disagreement. All of the smaller studies are not poorly
done. Some of them are well done. The Faroe Islands study and the
Seychelles study have been extensively reviewed. They are both
considered to be very, very good studies.

The National Academy of Sciences looked at the issue of PCB co-
exposure very, very carefully and asked the investigators to go
back and do a number of additional analyses. Their conclusion was
that the effects seem to be independent of each other. These are
both neurotoxicants. Although they both had effects in the study,
the NAS conclusion was that they were independent.

Again, I think that we have go with a preponderance of evidence
and not on just one study, no matter how well it has been done.

Senator CARPER. Mr. Chairman, I think this panel has been es-
pecially helpful to me. We thank you very, very much for your con-
tributions today. Thank you.
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Senator INHOFE. Thank you, Senator Carper.

Senator Clinton.

Senator CLINTON. Thank you, Mr. Chairman. I, too, want to
thank the panel and welcome Dr. Myers from the University of
Rochester, and Dr. Rice, your connection with Rochester, we will
claim that as well.

I want to pick up where Dr. Rice just concluded. We have set up
a system of evidence in our legal system that looks at the prepon-
derance of evidence; that looks at a reasonable person standard. I
share Dr. Rice’s concern that we are not adequately responding to
the evidence we already have, which I think the preponderance of
it, certainly based on the review by the National Academy of
Sciences, suggests that we have a problem with the transmission
mostly in utero by mother to child that leads to neurological prob-
lems that in turn lead to poor school performance.

The 2000 report of the National Academy of Sciences found, I be-
lieve, that about 60,000 children might be born in the United
States each year with this level of exposure that could affect school
performance, but in your testimony you claim that more recent re-
sults from the CDC’s National Health and Nutrition Examination
Sur\‘;ey translate into over 300,000 newborns per year. Is that cor-
rect?

Dr. RICE. Yes. When the NAS did their analysis, the NHANES
data was not available. The NHANES just started taking mercury
blood and hair levels a couple of years ago, so those data have real-
ly become available since the NAS. They state that their 60,000
children was an estimate. It is actually about 320,000 children.
Based on actual data that is representative of the U.S. population,
it is above the EPA’s reference dose.

Senator CLINTON. To me, this is truly alarming, that we have ac-
tual blood, hair sample, other kinds of physical examination which
demonstrates that hundreds of thousands of our children are born
each year potentially at risk for adverse affects on intelligence,
nllieﬁlory, ability to pay attention, ability to use language and other
skills.

Mr. Chairman, we are facing an increasing number of children
in our school systems with learning disabilities. There are not any
easy answers as to why the numbers of children with such learning
disabilities has increased. Senator Jeffords has been a champion of
making sure that all children are given an adequate education. In
New York alone, we have 260,000 learning-disabled children. That
is 50 percent of our special ed population. We spend $43 billion
each year—$43 billion—on special ed programs for individuals with
developmental disabilities between three and twenty-one.

Of course, not all special ed needs are the direct result of methyl-
mercury exposure, but if it is demonstrably shown as we now have
with evidence from the CDC’s annual survey that we have levels
of methyl-mercury in our children’s bodies that is above what the
EPA has determined to be healthy, and in fact some of us think
the EPA standard is too low, but nevertheless if it meets that
standard, then I would argue we have got to figure out how to ad-
dress this environmental health challenge in a very short order.

I have been working with a number of colleagues to try to ad-
dress the better data collection and environmental health tracking
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that they need in the Individuals With Disabilities Act, and I think
similarly on the scientific side with respect to better research and
better analysis. But it is troubling to me that we are looking at a
problem where the preponderance of the evidence I think is clear,
where we know that there is a transmission, whether it is 60,000,
150,000, 300,000-plus children, and it needs some more effective re-
sponse.

I wanted to ask you, Dr. Rice, now that you are in Maine, from
the State perspective, how closely do you work with the State
health department on environmental health issues? Do you ex-
change information with the State health department and even
with the State education department about some of the work that
you are doing?

Dr. RICE. I actually knew the State toxicologist for Maine quite
well before I went up there, so I do interact with the health depart-
ment. The methyl-mercury issue is very important to Maine. Maine
has a very good program for trying to get rid of methyl-mercury
from dental amalgams, from thermometers, from the kinds of
things that can be controlled; to not put mercury in landfills be-
cause Maine understands that we are at the end of the pipeline for
methyl-mercury deposition. Maine has a terrible problem with fish
advisories. There are a lot of places where fish cannot be eaten in
Maine because of the deposition of methyl-mercury.

So I do work closely with the folks over there, and in fact my way
here was paid by the air office, the Maine air office because the
State of Maine is so very concerned about this issue. Maine is rural
and it is poor, and it cannot really absorb the consequences of these
kinds of additional exposures on the health of the people of Maine.

Senator CLINTON. Similarly, new science is demonstrating that
we need lower standards for lead, based on what we are now deter-
mining. A lot of that groundbreaking work was done at the Univer-
sity of Rochester about lead exposures and the impacts of lead ex-
posure. We can take each of these chemicals or compounds piece
by piece, but I think that certainly when it comes to mercury and
lead and their impacts on children’s development, it is not some-
thing I feel comfortable studying and waiting too much longer on,
particularly because there are so many indirect costs. I know that
Dr. Levin’s work looked at some of the risks and cost-benefits, but
people do not seem to factor in this special education population
that has been growing.

Dr. RICE. If I may make a comment, I think your analogy is an
apt one, and I think it is a very informative one. In 1985, there was
a report to Congress on the cost-benefits of lead, of keeping lead
out of gasoline, in fact. The benefits based on not only special edu-
cation and things like lower birth weight with respect to lead, but
also just the economic consequences of lowering the 1Q of workers
amounted to billions and billions of dollars a year in 1985 dollars
or 1994 dollars. So as this effort goes forward in terms of figuring
out how much it is going to cost to reduce mercury emissions, this
other side of the equation, how much it is going to cost not to,
needs to be kept very, very well in mind.

Senator CLINTON. Thank you, Dr. Rice.

Senator INHOFE. Thank you, Senator Clinton.

I thank the panel very much for their testimony.
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Senator JEFFORDS. I had a couple more questions.

Senator INHOFE. Well, all right. It has to end at 12 o’clock. Go
ahead.

Senator JEFFORDS. Dr. Levin, before setting a mercury max
standard, would you agree that it makes sense for EPA to conduct
a full modeling analysis of all available technology options and
their emissions reduction potential, including the most stringent
options?

Dr. LEVIN. Yes, Senator. I think it is important for EPA to carry
out a parallel study as EPRI has done, and to make that study
public, as we have as well. I am not aware yet that they have actu-
ally done any modeling of a max standard since there has been no
official proposal of one yet.

Senator JEFFORDS. Dr. Myers, I believe your testimony is that
the fish consumed with an average mercury content of 0.3 parts
per million has about the same mercury concentration as commer-
cial fish in the United States. What are the concentration in non-
commercial fish?

Dr. MYERS. Are you talking about the United States or the
Seychelles?

Senator JEFFORDS. In the United States.

Dr. MYERS. Well, all fish has some mercury in it. Most of the
commercial fish in the United States, I understand, has less than
V2 part per million, but some of the fish, I am not sure what the
non-commercial ones are, but it can go up to over two or three
parts per million in some freshwater fish.

Senator JEFFORDS. Dr. Rice and Dr. Myers, can you characterize
the body burden of the pollutants like mercury in American chil-
dren compared to the levels found in the Seychelles children?

Dr. MYERS. The average hair level in the mothers in Seychelles
is 6.9 in the group we were studying. The average in the United
States is less than one part per million. The average in Japan is
somewhere around two parts per million.

Senator JEFFORDS. Dr. Rice, any comment?

Dr. RICE. No. That is correct, but I think it is important to un-
derstand that the NHANES data did identify some women, a very
small percentage of women with higher hair mercury levels. I think
it is important also to understand that the NHANES data are de-
signed to be representative of the U.S. population as a whole, so
that women who may eat more fish and may be at more risk for
increased body burdens of methyl-mercury, such as immigrant pop-
ulations or populations of people who are subsistence anglers and
who eat inland fish. This is not captured. These populations are not
captured by the NHANES data and I think that this needs to be
kept in mind.

Senator JEFFORDS. I have some further questions I would like to
submit.

Senator INHOFE. That would be perfectly appropriate. I appre-
ciate it very much, and I appreciate the panel coming and also your
patience from the long first session.

We are now adjourned.

[Whereupon, at 12 o’clock p.m. the committee was adjourned, to
reconvene at the call of the chair.]

[Additional statements submitted for the record follow:]
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STATEMENT OF HON. JON CORNYN, U.S. SENATOR FROM THE STATE OF TEXAS

Mr. Chairman, I commend you for holding this important hearing examining what
is known about the science of climate change, mercury and the potential health ef-
fects of mercury emissions from power plants.

Given the timing of the energy debate on the Floor and this Committee’s ongoing
consideration of the Clear Skies Act, this is a very timely and important topic and
I commend the Chairman for setting time aside to focus on the issue. I realize our
focus today in regards to climate change is on the science, principally on tempera-
ture change. Two very different trains of thought are about to be presented to us
today and I think this is positive and encourages a good, healthy debate. The ques-
tion that this panel has to wrestle with is moving ahead with a greenhouse gas pol-
icy that may or may not be based on sound science. I am concerned about the costs
in moving forward when there is a large body of science out there that says there
isn’t a problem.

To shift our focus just a bit, an issue of particular concern to me is the available
technology to control greenhouse gas emissions, specifically CO,. I am fairly certain
that some of my colleagues agree with the line of thought about to be outlined by
Dr. Mann, and this could very well lead this committee to a debate imposing man-
datory controls on CO,. If this turns out to be the case it is imperative that this
Committee determine whether or not the technology is currently available to accom-
plish CO; reductions that are effective enough to solve the “problems” thought to
be faced. I realize this is a topic for another hearing, but one that causes me con-
cern.

In regards to mercury, in the 1990 amendments to the Clean Air Act, Congress
specifically requested that EPA conduct an analysis of the health effects of mercury
emissions from power plants and report back. EPA did conduct that study in 1997
and concluded that there was a “plausible link” between mercury emission and po-
tential health effects, but was unable to quantify the link.

Six years have passed since EPA’s 1997 study. Unfortunately, we still have not
received any clarification from the EPA as to the magnitude of the health risks
posed by power plant emissions, even though we are currently on the verge of
spending billions of dollars to reduce those emissions.

I suspect that one of the reasons for this lack of information is that we are dealing
with a global problem. Many people today may find it surprising to learn that most
of the mercury that is deposited in the United States originates from outside our
borders. In fact, for most of the country, over 60—80 percent of the mercury depos-
ited in the United States comes from emission sources located in another country.
Additionally, natural sources of mercury, such as forest fires and vegetation burn-
ing, account for over half of the world’s mercury emissions.

What this means is that we have control over only a very small portion of total
mercury emissions. Of the 5500 tons of mercury emitted globally, the U.S. accounts
for only about 155 tons, or 3 percent of global emissions. U.S. power plant emissions
which are estimated to be 48 tons per year, represent less than 1 percent of total
global emissions. Given how small this fraction is, it is both reasonable and prudent
to ask what impact controls on power plants will have on actual public health.

While EPA has unfortunately not provided us with any data on that question as
of yet, Leonard Levin from the Electric Power Industry has. According to his very
detailed analysis, control programs to reduce mercury emissions from power plants
are likely to have less than a 1-percent impact on public exposure in this country.
In fact, he estimates an impact of less than 0.3 percent. I do not know if this num-
ber is correct, but I think his very detailed analysis deserves comment from EPA,
especially given that this was exactly the kind of information Congress sought in
1990 when it amended the Act.

I look forward to hearing Dr. Levin’s testimony, as well as Dr. Rice’s and Dr.
Myers’. Your collective input is critical to this committee as we continue to debate
the Clear Skies initiative.

I yield back the balance of my time.

STATEMENT OF DR. WILLIE SOON, HARVARD-SMITHSONIAN CENTER
FOR ASTROPHYSICS

Distinguished Senators, panelists, and audience: My name is Willie Soon. I am
an astrophysicist with the Harvard-Smithsonian Center for Astrophysics in Cam-
bridge, Massachusetts. My training is in atmospheric and space physics and my sus-
tained research interests for the past 10 years include changes in the Sun and their
possible impact on climate.
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This very rich area of scientific research, though still far from having definitive
answers, has seen exciting and important progress from our increasing technical
ability to measure, quantify, and interpret the changes in the Sun which could be
linked to changes of the Earth’s climate.

Today I focus on my latest research conclusions regarding climate change over
roughly the last 1000 years, especially the geographical pattern of those changes.
My scientific study is only possible because of the careful research produced by
nearly one thousand scientists around the world. Their expertise covers a very wide
range, including physical, chemical, biological, and geological sciences.

Together with several colleagues whose names are listed in the two scientific pa-
pers that I am submitting today for the record of this testimony, we have syn-
thesized the results from several hundred studies of proxy records of climate, includ-
ing much new work that has appeared in the scientific literature in the last 5 to
10 years.

Climate proxies are indirect climate sensors based on information from tree rings,
ice and seafloor sediment cores, corals, glaciers and other natural evidence. They
also include important cultural and documentary records.

It is important to recognize that these climate proxies are not temperature read-
ings, but some proxies may be calibrated to give temperature changes. One example
is the measurement of the flow of heat in boreholes drilled through rocks or ice,
yielding century-scale temperature changes over several millennia. On the other
hand, some proxies are sensitive to local rainfall as well as temperature, as in the
case of annual tree growth in the southwest United States. Any given proxy may
respond to temperature differently from other proxies, depending on, for instance,
the type of proxy, location, or season.

For all those reasons, it remains a big challenge to produce an accurate global
temperature record over the past 1000 years from the diverse set of climate proxies.

But within the limits and lessons learned from our research papers, we can offer
three conclusions:

First, local and regional, rather than “global”, changes are the most relevant and
practical measure of climate change and impact. This is because truly global aver-
ages rarely are available from the distant past, before modern satellite measure-
ments, and because such averages can hide the significant changes that can occur
over large parts of the Earth.

Second, on a location by location basis, there was a widespread Medieval Warm
Period between approximately 800 and 1300 A.D. This Medieval Warm Period was
followed by a widespread colder period, called the Little Ice Age, that lasted from
approximately 1300 to 1900 A.D.

Third, there is no convincing evidence from each of the individual climate proxies
to suggest that higher temperatures occurred in the 20th century than in the Medie-
val Warm Period. Nor is there any convincing evidence to suggest that either the
rate of increase or the duration of warming during the 20th century were greater
than in the Medieval Warm Period.

The fact that local and regional climate has been varying with significant swings
in amplitude over many locations provides important challenges for computer sim-
ulation of climate. The full models that explore the Earth region by region can test
for the natural patterns of change over the last 1,000 years through the use of the
climate proxies we just discussed. In that way, the effects of human-caused climate
change can be weighed against observed natural variability in the climate system.
Having computer simulations reproduce past climate, which has been influenced
predominantly by natural factors, is key to making an accurate forecast that in-
cludes all potential human-made warming and cooling effects.

Further research could yield a deeper, quantitative improvement to our knowl-
edge of local and regional climate variability during the past 1000 years. As we
could be inspired by Mr. Thomas Jefferson who remarked:

“It is a common opinion that the climates of the several states of our union
have undergone a sensible change since the dates of their first settlements; that
the degrees of both cold & heat are moderated. The same opinion prevails as
to Europe; if facts gleaned from history give reasons to believe that, since the
times of Augustus Caesar, the climate of Italy, for example, has changed regu-
larly at the rate of 1 [degree] of Fahrenheit’s thermometer for every century.
May we not hope that the methods invented in latter times for measuring with
accuracy the degrees of heat and cold, and the observations which have been
& will be made and preserved, will at length ascertain this curious fact in phys-
ical history?”—Marginal notes from Thomas dJefferson’s Monticello Weather
Diary (January 1, 1810 to December 31, 1816).

I strongly believe that the time for research in paleoclimatology to fulfill this im-
portant role is now.
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ABSTRACT

The 1000-year climatic and environmental history of the Earth contained in
various proxy records is examined. As indicators, the proxies duly represent or
record aspects of local climate. Questions on the relevance and validity of the
locality paradigm for climatological research become sharper as studies of climatic
changes on timescales of 50-100 years or longer are pursued. This is because
thermal and dynamical constraints imposed by local geography become
increasingly important as the air-sea-land interaction and coupling timescales
increase. Because the nature of the various proxy climate indicators are so
different, the results cannot be combined into a simple hemispheric or global
quantitative composite. However, considered as an ensemble of individual
observations, an assemblage of the local representations of climate establishes the
reality of both the Little Ice Age and the Medieval Warm Period as climatic
anomalies with world-wide imprints, extending earlier results by Bryson et al.
(1963), Lamb (1965}, and numerous other research efforts. Furthermore, these
individual proxies are used to determine whether the 20th century is the warmest
century of the 2nd Millennium at a variety of globally dispersed locations. Many
records reveal that the 20th century is likely nor the warmest nor a uniquely
extreme climatic period of the last millennium, although it is clear that human
activity has significantly impacted some local environments.
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Little Ice Age; Medieval Warm Period.

1. INTRODUCTION

Are the Little lce Age and Medieval Warm Period widespread climatic anomalies?
Nearly four decades ago, H. H. Lamb (1965, pp. 14-15) wrote, “[M]ultifarious
evidence of a meteorological nature from historical records, as well as archaeological,
botanical and glaciological evidence in various parts of the world from the Arctic to
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New Zealand... has been found to suggest a warmer epoch lasting several centuries
between about A.D. 900 or 1000 and about 1200 or 1300... Both the “Little Optimum”
in the early Middle Ages and the cold epochs [i.e., “Little Ice Age”], now known to
have reached its culminating stages between 1550 and 1700, can today be
substantiated by enough data to repay meteorological investigation... It is high time
therefore to marshal the climatic evidence and attempt a quantitative evidence.” In
response to Lamb’s call to action, research on large-scale patterns of climate change
continued with vigour.

Thirty-three years later, however, Jones et al. (1998) tentatively concluded that
“[wlhile the ‘Little Ice Age’ cooling (with the seventeenth century being more severe
over Eurasia and the nineteenth century more severe over North America) is clearly
evident ... we can only concur... that there is little evidence for the ‘Medieval Warm
Period’... although the fact that we have only four series before 1400 and the
timescale limitations described earlier [i.¢., not resolving timescales of multidecades
to century with tree ring proxies used in their study] caution against dismissing the
feature.”

Overpeck et al. (1997) had previously commented that *{t]he annually dated record
of Arctic climate variability encompassing the last 1000 years has less spatial coverage
than does the multiproxy record of the last 400 years. Sediment, ice core, historical,
and tree ring data for this earlier period indicate that although Arctic summers of the
20th century were generally the warmest of the last 400 years, they may not be the
warmest of the last millennium{!l.,. The few time series of climate change spanning
the last millennium also suggest that the Arctic was not anomalously warm throughout
the so-called Medieval Warm Period of the 9th to 14th centuries.” Nevertheless, the
updated composite tree-ring summer temperature curve in Figure 1 of Briffa (2000)
shows clear evidence of an anomalously warm interval from about 950 to 1100 A.D.
in the northern high-latitude zone, which coincides with the Medieval Warm Period
discussed here. Also, an early warm period appears prominently in the averaged tree
ring chronologies carefully selected and processed from 14 sites spread over 30-70°N
latitude (Esper et al. 2002a).

These results are but a few of the many that have become available since Lamb’s
pioneering analysis. Given advancements in retrieval of information from climate
proxies, as well as their extensive surface coverage, we review the accumulated
evidence on climatic anomalies over the last 1000 years. We also recommend the study
of Ogilvie and Jonsson (2001), which provides the most authoritative, up-to-date
discussion of the historical development of the long-standing debates over the climatic
nature of the Medieval Warm Period and Little Ice Age, especially in the regions
surrounding the North Atlantic, including Iceland.

| When considering the possible link of early 20th century warming to the rise in atmospheric CO,
concentration, it should be noted that the Arctic-wide temperatures of Overpeck et al. began rising in the
mid-19th century and peaked arcund 1940-1960, when the increase in the air’s CQ, content was less than
20-30% of the cumulative CQ, increase to date; see Etheridge et al. (1996) for the preindustrial level of
CQ,.
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2. WORKING DEFINITIONS

First, working definitions of the Medieval Warm Period and Little [ce Age must be
established in order to assess the various climate proxy records. For example, Grove
(2001a) captures the difficulty in deciphering the nature of the Medieval Warm Period
and Little Ice Age: “The term “Little Ice Age” does not refer directly to climate but to
the most recent period during which glaciers extended globally and remained
enlarged, while their fronts fluctuated about more forward positions... The term
Medieval Warm Period has been the subject of considerable controversy. Its nature and
even its existence has been queried,... as has that of the Little Ice Age... They were
not periods of unbroken cold and warmth respectively. Climate varied on small scales
both spatially and temporally, as it has also in the twentieth century. Nevertheless,
climatic conditions were such during the Little Ice Age that mass balances were
sufficiently predominant for the glaciers to remain enlarged, although their fronts
oscillated. Similarly during the Medieval Warm Period climatic conditions caused
mass balances to be negative, and volumes of glaciers to be reduced, so that they
retracted substantially, though their fronts no doubt fluctuated, as they have been
observed to do during the warming of the twentieth century.”

Lamb (1982, 1997a), also mindful of the complex nature of weather and climate,
noted that: “within the last thousand years, the development of what has been
reasonably called the Little Ice Age seems to have affected the whole Earth, as has the
twentieth-century recovery from it; but when the ice on the Arctic seas extended
farthest south, particularly in the Atlantic sector, all the climatic zones seem to have
shifted south, including the storm activity of the Southern Ocean and the Antarctic
fringe. This apparently broke up much of Antarctic sea ice, enabling Captain Cook in
the 1770s and Weddell in 1823 to sail further south than ships have usually been able
to reach in this century.l) The southward extension of open water would presumably
result in some mildening of the regime not only over the ocean but some way into the
interior of Antarctica, and this just when the world in general north of 40°S was
experiencing a notably cold regime. Amongst the evidence which builds up this
picture, at that time the winter rains failed to reach so far north over Chile. And
radiocarbon dating of abandoned penguin rookeries on the Antarctic coast near 77.5°S,
in the southernmost part of the Ross Sea, suggests that there were periods of milder
climate there about AD 12501450 and 1670-1840. These periods include the
sharpest phases of development of the Little Ice Age climate in the northern
hemisphere.” (page 39 of Lamb 1997a)

What are the regional and global patterns of climatic change over the last 1000
years? Accurate answers to these questions are important, both as benchmarks for the
20th century global average warming exhibited by surface thermometer records and as

2 See e.g., the evidence (Hendy et al. 2002) for relative warmth in the reconstructed coral-isotopic sea
surface temperature throughout most of the 18th and 19th centuries at the central Great Barrier Reef,
Australia. It should be noted, however, that this single proxy result does not imply uniform warmth
throughout the whole south Pacific, south Atlantic and Indian Oceans. For historical accounts of sea ice
conditions and harsh weather extremes during Cook’s second voyage, see e.g., Forster (2000).
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physical constraints for theories or mechanisms of climate change on timescales of

decades to centuries.

To make progress towards this understanding, we address three questions of many
individual climate proxies that differ too widely to be quantitatively averaged or
compared:

(1) Is there an objectively discerible climatic anomaly occurring during the Little
Ice Age, defined as 1300-1900 A.D.? This broad period in our definition derives
from historical sea-ice, glaciological and geomorphological studies synthesized
in Grove (2001a, 2001b) and Ogilvie and Jonsson (2001).

(2) Is there an objectively discernible climatic anomaly occurring during the
Medieval Warm Period, defined as 800-1300 A.D.? This definition is motivated
by Pfister et al. (1998) and Broecker (2001) and is slightly modified from
Lamb’s original study (1965).

(3) Is there an objectively dis